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Toronto, Ontario 
Wednesday, 
July 29, 1981 


Volume 25 A 


THE FURTHER PROCEEDINGS OF THIS INQUIRY 
RESUMED PURSUANT TO ADJOURNMENT 


APPEARANCES AS HERETOFORE NOTED 


DR. DUPRE: Good morning, ladies and gentlemen. 

Counsel, are there any matters that you wish to 
raise before I greet the witness? 

MarCASGRAIN= Mr. Chairman, 21 do. 

DR. DUPRE: M. Casgrain? 

M. CASGRAIN: I understand, Mr. Chairman, that at 
some time it had been suggested that perhaps this Commission and 
other people who are participating in the work of this Commission 
might eventually consider an invitation to visit one or two of 
the mines in Quebec, which I think would be of interest to the 
Commission and all those concerned. 

I think this is a propitious time to ask whether 
you would be interested in so doing, and if so, before the 
winter sets in. At least, you know...we have a nice winter in 
Quebec, but I think you would love our asbestos better in the 
summer than in the winter, and I suggest that perhaps you might 
wish to visit either one mine in Asbestos, or one in Thetford, 
or either of the ones, and I am completely open. 

I'm making the invitation on behalf of the QAMA, 


and I'm suggesting that perhaps two mines could be made available 
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- 4- Peto 
M. CASGRAIN: (cont'd.) to you. Again, Asbestos 
was an idea of mine, and one in Thetford, perhaps Lake Asbestos. 
SO. 1 Me Ducting miestorwaro venatis you think, i£ 
5| the Commission accepts, we would be delighted to...we invite the 
whole staff and all those here who are concerned with the Inquiry. 
We will make necessary arrangements in due course, but we do need 
a little time to so arrange. 
I suggest you might be one day. You could visit 
one mine in the morning and one in the afternoon, and eventually 
10; we would make sleeping accommodations somewhere around there. 
Travelling arrangements and so on would require 
perhaps two days. 
DR. DUPRE: Thank you very much, M. Casgrain. 
As, of course, you are aware, we have had under advisement a 
5 very kind invitation from the QAMA for some time, and certainly 
your seasonal point is well taken. 


As I had to mention at one stage of the game 


yesterday, I am told the Commission has a somewhat better handle 
on what its exact fate is going to be in the month of August. 
We have to keep the possibility of site visits or other things 
20| under advisement, but I appreciate your point. We are continuing 
to hold the invitation under advisement. 
Any other matters? 
MR. LASKIN: I don't believe so, Mr. Chairman. 
DR. DUPRE: Well, may 1, on benalf of all’or you, 


greet most warmly Mr. Julian Peto, who has come from the land 


sia of magic weddings to be with us to give sworn testimony as an 
expert witness. 
Mr. Peto, your reputation preceeds you, sir. You 
are most welcome here, indeed. 
Miss Kahn, would you swear in the witness, please? 
30 
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JULIAN PETO, AFFIRMED 


EXAMINATION-IN-CHIEF BY MR. LASKIN 


MR. LASKIN: Mr. Peto, before you begin, let me 
tell you that in front of you in that red binder are copies of 
your articles which, for our purposes, we put in one volume and 
we have given it an exhibit number for our record, which is 
exhibit thirty-seven, and so if we refer to any article it will 
be by the tab number in that red book. 

Just let me deal with the additional materials that 
you gave me which aren't in the book, and I distributed three 
articles by Mr. Peto. I take it none of these...all of these are 
recently written articles which have not as yet been published, 
is that correct? 

THE WITNESS Yes. The report to the EPA won't 
be published as such. It's on the public record, I think, but 
it isn't to be published. formally. 

MR. LASKIN: The first one, entitled Mesothelioma 
Incidence Among Asbestos Workers, Implications from Models of 
Carcinogenisis and Risk Assessment Calculations, let's call tab 


nine. 


EXHIBIT #37, TAB 9: The abovementioned document 


was then produced and marked. 


MR. LASKIN: The second, An Alternative Approach 
for the Risk Assessment of Asbestos in Schools, the report to the 
EPA, let's call tab ten. 


EXHIBIT # 37, TAB 10: The abovementioned document 


was then produced and marked. 


MR. LASKIN: Then finally, the paper you gave at 
Coldsprings Harbour, Trends in Mesothelioma Incidence in the U.S. 
and the Forecase Epidemic Due to Asbestos Exposure During World 


War II, let us call Exhibit eleven...tab eleven of exhibit thirty-seven. 
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EXHIBIT # 37, TAB ll: The abovementioned document 


was then produced and marked. 


MR.” LASKIN:” "QO." "Now, I* take’ it that’ the first 
thing that you are going to discuss with us is the work that you 
have done with respect to mesothelioma, and which is at least in 
part reflected in this paper with Drs. Seidmann and Selikoff? 

THE WITNESS: <A. Yes. 

Shall I just talk briefly about the work that we 
have done on mesothelioma and lung cancer, because it forms the 
baeis (Ors. « 

QO. *why gon'’t “you. 

A. ..-what I was going to say. 

The background to both mesothelioma and lung cancer 
in asbestos workers is this work which was done by Richard Doll 
in relation to lung cancer incidence in smokers. The lefthand 
graph shows the...these are logarithmics...this is the log of age 
and the log of incidence. They are straight lines on one of 
these graphs, the incidence is going up as a power line. So 
the slope of this line is actually four, so this means the incidence 
of lung cancer, in this case in nonsmokers, is going up as 
the four power of age. 

The slope of this line is seven, so this means 
that the incidence of lung cancer in cigarette smokers is going 
up at the seven power of age. 

Doll pointed out about ten years ago that in fact 
if you replot the same data, still plotting nonsmokers against age, 
but this time plotting cigarette smokers against duration of 
smoking, the two lines are parallel, so it turns out that this 
is some meaningless accident. 

I mean, the meaningful analysis is this one, and 
what it shows is that the incidence of lung cancer rises as the 


fourth power of age in nonsmokers, and as the fourth power of 
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A. (cont'd.) duration of smoking in cigarette 
smokers. He suggested that this meant that the mechanism is in 
fact that same, that all you were doing when you smoked cigarettes 
was produce the exact same disease by exactly the same mechanism, 
but that everything was happening at a hundred times the rate. 

Can I write this on the board, because it 
underlies and it's important...so the incidence of lung cancer 
is proportional to age to the power of four in nonsmokers, and 
an duration of smoking to the power of four in smokers. 

He further suggested, although you can't actually 
prove it directly from these data, that the incidence of lung 
Cancer in smokers was actually unrelated to age, that this 
equation has nothing to do with age, and if you started smoking 
when you were forty, your incidence rises as a duration of since 

15 you started to smoke, and if you started at twenty, it rises the 
time that you started to smoke. So if you started smoking when 
you are twenty, your lung cancer thirty years later would be 
exactly the same as the lung cancer rate in someone who started 
at the age of forty, thirty years later. 

Isthat.s fis that “clear? 

2 In other words, that if you start smoking when 
you are twenty, your lung cancer rate goes up like that. And if 
you start smoking when you are forty, it goes up exactly the 
same way, just moves over twenty years. The cancer rate is 
completely unrelated to age, as such. 

25 Q. But if you are a nonsmoker...? 

A. If you are a nonsmoker, it starts at age 
nought, going up in the same pattern, but of course it's divided 
by a hundred. So it goes up in the same pattern, but instead 
of looking like that, it looks like that. It's the same shape, 
but reduced by a factor of a hundred. 

30 That's the difference between these graphs, and 


the difference between here and here. The slope is the same, 
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| A. (cont'd.) the pattern is the same, but it 
is reduced by a very large factor. 
Q. Can I...maybe it's my lack of knowledge of 

5; statistics. Are you saying that if you are a nonsmoker with 
respect to lung cancer, I thought that that formula meant that 
your incidence rate depended on how old you were? 

A. If you are a nonsmoker, yes. I mean this is 
age, starts at age nought for nonsmokers...starts at age nought 


and goes up in this pattern at the fourth power of age. 


% Presumably in smokers, what you actually have is 
duration of smoking to the fourth, plus age to the fourth times 
a very, very small factor. But the weight is so low in nonsmokers 
that you've got a negligible factor of lung cancers in nonsmokers. 
O.. So the controlling factor is smoking? 
, 15) As. Yes. 


And this implies that cigarettes affect the 
beginning of the process, they affect the initiation process in 
lung cancer. 
| Q. Just for our own record, because I take it 
that particular transparency is not amongst any of the articles 
20 that you published... 

A. In reference then, this thing about implications 


of mesothelioma incidence...tab nine discusses this and cites 


references to these data. It'sinthe references of that data. 
MR. LASKIN: I wonder if we can just note for 
the record now that perhaps we will arrange a copy of the 
% transparency and just circulate it amongst us so that we know 
what we are talking about. 
THE WITNESS: Sure. 
So anyway, Doll suggested that this meant that 
lung cancer rates had nothing to do with...in smokers...had 
30 nothing to do with age as such. It was purely an effect of 


duration of smoking. 
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THE WLINESS: (cont'd...) Thistis.interesting from 
the point of view of carcinogenisis, although that may not be what 
you are particularly interested in today. 

So he suggested an experiment which my brother did, 
in fact. This is back to the research council in England, where 
they painted mice with benzopyrene, at different ages, and they 
confirmed this hypothesis. 

In the upper graph, you can see this is the 
important...this°4is;" or course, backwards; .it"s ‘the proportion 
of mice that haven't got cancer. Mice/W82e first painted with 
benzopyrene at age ten weeks, came down like this from none of 
them having cancer to all of them having cancer. Mice who were 
painted at fifteen weeks came down exactly the same pattern, and 
so on and so forth. 

And when you plot the same data against exposure 
duration, you find that the lines lie exactly on top of each 
other, so again you see that the cancer incidences are completely 
determined by time since the beginning of the carcinogenic insult, 
and completely unrelated to age. 

This is obviously significant from a theoretical 
point of view, because, I mean, it has been suggested that the 
reason that cancer rates go up in old age is that old people 
are in some way more susceptible, that their immune systems are 
decaying in some way or another, and this is rather strong evidence 
that that is not the case. That it's simply the passage of time 
during which cellular accidents have been happening and nothing 
to do with age as such. 

Anyway, .-. 

MR. LASKIN: Q. Just before you take that 
transparency away, can you just identify, for the record, so later 
we know what we are talking about... 

THE WITNESS: A. That's also reference to the 


same paper about the age study..reference to the same paper. 
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MR. LASKIN: HOW «60:20 ‘aisice 
UNIDENTIFIED SPEAKER: Tab thirteen? 
MR. LASKIN: Why don't we give the transparencies 


5 all an exhibit number as...what are we up to...tab twelve, and 
let's call the first transparency we saw twelve A, and let's call 


this one twelve B, so we know what we are talking about. 


EXHIBIT # 37, TAB 12 A & B: The abovementioned 


transparencies were then produced and marked. 


10 MR. LASKIN: Sorry, Mr. Peto. We have to keep 
Our public records straight. 

THE WITNESS: As I say, this hasn't actually 
been shown directly for any human cancer. It was hypothesized 
as an explanation for the lung cancer data, but it couldn't be 

. shown directly. It was shown in mice, but mice don't live very 
long so it wasn't a very decisive observation. 

The interesting thing is that mesothelioma in 
asbestos workers showed exactly the same pattern. 

I think this is figure one, again in the same 
paper, the paper that is number nine. 

20 This is an analysis of the mesothelioma rates, 

cumulative risk of dying of mesothelioma, ignoring other causes 
of death, among North American insulation workers. This is the 
very large study by Irving Selikoff and his colleagues. 

MR. LASKIN: Q. Just to put this in perspective, 
since none of us had really an opportunity to read this paper in 
detail, am I correct that what you have in tab nine is all of 
Dr. Selikoff's data from his large insulation worker study in 
Canada and the United States, of the seventeen thousand-odd cohort? 

THE WITNESS: A. Yes. 

Q. And what you are looking at is deaths from 
mesothelioma? 


KR. Nes This is based on two hundred and 
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A. (cont'd.) thirty-five mesothelioma deaths. 
The numbers are really quite large. It's a good study. 

The interesting thing about this graph is that it 
shows that if you look at the bottom...no, the top one first... 
this is mesothelioma rates...in tumors it wasn't mesothelioma... 
in asbestos workers first exposed at age twenty, thirty or forty, 
and you can see that there is a very wide separation. For the 
purposes of the Commission, this is a very important graph because 
it means that the lifelong mesothelioma risk if you were first 
exposed at age forty is negligible. Whereas the lifelong risk 
if you were first exposed at age twenty is very high. 

It's really remarkable, and these are the actual 
data. There is no model mesothelioma. It's just straightforward 
data. The risk goes up to twenty percent, which is really a 
very high risk of dying of mesothelioma, in people first exposed 
around about age twenty. 

©. VaTherrirstrdotted Fine on ythe rete is? 

A. This is people first exposed at age twenty. 
This is first exposed at age twenty, and that's age thirty and 
that ss tageeforty. 

You are just dividing the cohort up in terms of 
age at which they joined the msulation workers union... 

Ov) And-against “thater 

A. ...and the subsequent risk of mesothelioma. 

Q#°4So can *yousveib you tadke“the persons’ first 
exposed at age twenty and you draw a line across at the ten 
percent cummulative risk point on the Y axis, what does that tell 
you? 

AW. Tettelistiyow that by age'sixty-five,* ten 
percent of them will have died of mesothelioma. 

The bottom curve is exactly the same data 
plotted against years since first exposure. So again, we divide 


the cohort up into people first exposed at age twenty, thirty 
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A. (cont'd.) and forty, and you are looking at 
the cumulative risk against years since first exposure, and 
the lines are identical. There is no difference whatever 
between...in susceptibility between old people and young people. 
So this is a very nice, very close analogy between ...you know, 
this and the mice experiment. It shows that the cancer rate 
is completely unrelated to age. 

Q. And is really dependent upon time since 
first exposure. 

A. Time since first exposure, and nothing else. 
Right. 

Q. Regardless of when you are first exposed? 

AveaNes, »SOuthiseiSsasvery«simple: 2 youy know, 
it makes it much simpler to predict what this would be, expressed 
at various ages. It's a very simple model. 

Q. Is one of the conclusions that comes from all 
of that that the younger...because it's only dependent on time 
from first exposure, nonetheless the younger you are exposed... 

A. Yes, that's what the upper graph shows, that 
in fact the risk is ten times as high for people exposed when 
they are young as it is in people exposed when they are over forty. 

And of course thisis particularly important in 
relation to school children. It means when you are looking at 
some...if you are worried about asbestos in schools, if you start 
at age nought instead of age twenty, this curve would have 
started here, rather than here, and got up to here. So this 
would be, you know, of course it would be twice as high if you 
start an exposure at age naught rather than age twenty. 

Q. Those curves are all based on Dr. Selikoff's 
GEA ster 

AngweS. 

Q. ...from his mesotheliomas. 

Aw Yes. 
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| mw, (cont'da.) “Finally, in relation to that ‘study, 
when you plot the two lines...perhaps I'll just obscure the 
| bottom one for the time being, just to...I don't want to present 


5 too much at once. 
This is the same data. We are ignoring age now, 


| because we now that it is irrelevant. We are simply plotting 
incidence of mesothelioma mortality... 

| Q. You are now at figure two on the paper? 

A. This 1s figure two of the paper, yes. 

10) ...against years since first exposure. So we 

are plotting time since first exposure to insulators against 

mesothelioma mortality, and these are logarithmic scales so 

a straight line means a relationship of the same sort as we've 


seen for lung cancer. 
* Q. Can you just give us an example from that 
figure, just to illustrate what it means? 
| A. Yes. The risk is one per thousand per 
annum, twenty-five years after first exposure. So if you had 
a thousand men in this cohort... 

Q. Slow down again now? 
20 A. The risk is one per thousand per annum, 
so if you take a thousand men twenty-five years after first 
exposure, in that cohort among insulators, then on average 


you would expect one of themtodie of mesothelioma during the 


following year. 
It goes up quite sharply. By the time you get 
25 to age fifty, it's one per hundred per annum. So that's really 


rather a high risk. These are incidence rates, not probability 


rates. 
So it means if you take a cohort of a hundred men, 


insulators, who have been followed up for fifty years, you 


expect one of them to die in each successive year from that time 


onwards. 
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A. (cont'd.) So in five years you would expect 
five of them to die. 

DR. UFFEN: Is it significant that the margin of 

5 error at the youngest age seems to be a lot greater? 

THE WITNESS: Well, it's because the numbers are 
smaller. I mean these confidence intervals are simply based on 
the number of cases, and I think that's based on three cases, 
that there were three cases in the first group. The data are 
actually presented in detailinthat paper, but... 

10 DR. UFFEN: If you left that point out would it 
Change the slope much? 

THE WITNESS: No. It's irrelevant, because you 
won't have to...no, you can see it would be the same. It's 
contributing nothing to the data at all. 

7 These don't actually matter. I mean they are 
not the majority of the cases. If you are calculating lifeline 
risks, this is the important part of the curve because that's 
when most of the deaths take place. 

As I say, there were a total of, I think something 
like a review of a hundred and fifty deaths, and three of them 

20 SE that point’ didn rc have, 

Q. So ten to the power of minus three on the Y 
axis means an incidence rate of one... 

A. One per thousand per annum. One in a thousand 
men will die each year, at that point in the graph. 

Q. And at fifty years after first exposure what 

= does your graph show? 

A. One in a hundred per annum, annual mortality 
will be slightly more than one percent. 

As I said, the cumulative risks are shown in 
the previous...I mean what they mean in terms of cumulative 
risks of death...they mean that by the time you start at age 


twenty and you are followed up to age eighty, the cumulative risk 
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A. (cont'd.) would reach twenty percent. So 
there would be some magnitude of the risk, because it's quite 
powerful. 

Q. Is there any significance to the statement 
at the bottom of figure two, that you looked only at those 
insulation workers exposed between 1922 and 1946? 

A.) Well, that's the ditfticulty, with. this.study. 
The trouble is that this study was conducted in 1967 to 1976, 
and followed through in 1979, I believe, and so there is a 
complete confusion between when you were first exposed and how 
long you were followed up for, so these are basically data....you 
can regard these as being data in 1970, if you like. 

So the point fifty years after first exposure is 
almost completely determined by people who are first exposed 
in 1920. Whereas the point twenty years after exposure is 
completely determined by people first exposed in 1950. So it 
isn't a proper cohort in the normal sense. There is an analysis 
in the paper of cohorts, and they more or less conform to this 
pattern, although the numbers are smaller and the period of 
followup not so long. Selikoff only has data from 1967 to 1979, 
and so there is a confusion and in the analysis in the paper it 
shows that the risk was actually lower in people before 1922 
and after 1946...for reasons that...I assume that by 1946 
conditions were improving. Before 1922 they may not have been 
using much asbestos in insulation. I don't know what the reasons 
are, but the data look as if they are fairly homogeneous from 
1922 to 1946. So before and after that the risk is appreciably 
lower, and so if you plot the overall data, instead of getting 
this nice straight line you get points down here off the line, 
and points here off the line at the top. 

Q. So you took the data that was relatively 
homogeneous for the purpose of this analysis? 

A. This table would be actual rates with each 
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A. (cont'd.) year of first exposure in that paper, 
yes. 

I think's fair, I mean it's fair both because of 
the internal consistency of the data and I think the theoretical 
consideration that you do expect cancer rates to follow this sort 
of pattern is a very strong one. 

But I mean I think there was a lot that appeals 
to it among epidemiologists. 

The lower line on this is perhaps logarithm, but 
I think it's of interest because it establishes a very close 
analogy between these data and the lung cancer data. 

We did a survey in Los Angeles, which is described 
in the other paper, number eleven, and fifty-five of the people 
interviewed said that their mesotheliomas reported no exposure 
to asbestos at all. They were an interesting group, because first 
of all there were equal numbers of men and women, which tends to 
Support the inference that they weren't caused by asbestos, or 


certainly not by industrial exposure. Otherwise one would expect 


“more men than women. 


I think there were something like eighty men who 
reported exposure, and about five women. Whereas among the ones 
who reported no exposure, and I think there were twenty-six men 
and twenty-nine women, virtually identical numbers. Their age 
distribution was quite different from the other ones. They, 
instead of rising as time since...the cube or the third or fourth 
power of the time since first exposure, like the asbestos workers.. 
their incidence rose as the third or fourth power of age. 

So this is an exact analogy between the data on 
lung cancer in smokers and nonsmokers, about incidence going up 
as a power of time since first exposure for asbestos workers, 
and as a power of age for those people who get mesotheliomas 
who aren't exposed to asbestos. The analogy between that curve 
and this curve for lung cancer in smokers and nonsmokers is the 


obvious. 
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Q. Can you just go back over that again for us? 

A. I'll write it on the board, because they 
are identical, exactly the same. 

O. “Cane VOU Just) teliuus first of all, what was 
your Los Angeles study? 

A. We just interviewed all the mesotheliomas 
diagnosed in Los Angeles. 

Q. In the Los Angeles area? 

Ae) ves. 9 In Orange County...I think it’s Orange 
County...the Corporation of the City of Greater Los Angeles. 

Q. How many did you find? 

A. A hundred and eighty-eight, and we interviewed 
a hundred and fifty-five of them. 

Q.- You tried to determine whether there was 
occupational exposure? 

A... Yes. 

Q. Just briefly summarized, what were your results? 


Aw VLUVe “Got mace ONeLts) DOLyOUul want. tO... Lomean, 


-it's described in some detail in that paper. 


Q. Number eleven. 

A. I meanbroadly speaking, the great majority of 
men and virtually none of the women had been exposed to asbestos. 

I've shown you the data on the people who were 
exposed. 

I mean it's an interesting study actually, because 
it provides estimates of asbestos exposure in the past. It 
actually enables you to combine these models, with the numbers 
of peoples who said they were first exposed at various times. You 
can work out what the levels of asbestos exposure were in the 
past and you can actually see that those low levels before the 
war shoot up during the war. 

The most interesting thing and disturbing thing 


about. the study is that indicates that there was no reduction after 
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A. (cont'd.) ‘the’ wary that the fuss’ about wartime 
asbestos exposure is rather misplaced because in fact there was 
no improvement after the war, that in fact the conditions became 
bad between about 1935 and 1945 and appear to have remained at 
more or less that level at least until 1970. So the mesothelioma 
epidemic has not by any means reached its peak. 

Q. Can you...you were making a distinction, at 
least as I understood it, between the kind of model you get in 
a the occupational setting and the kind of model you get in the 
nonoccupational setting. 

A. "in relation to tiris? 

Q. Yes. 

A. Yes. Well, I mean the incidence of lung 
cancer, as I said, is age to the fourth in nonsmokers, and 
15 duration of smoking to the power of four in smokers, and the 
incidence of mesothelioma is proportional to age. In fact, 
that's about four and a half, is the best estimate. 

But I mean, these exposures can't be estimated 
very precisely. It's in proportion to age to Hout the power 
of three and a half in the unexposed population, and is 
eo proportional to time since first exposure to asbestos...asbestos 
exposure to the power of three and a half, in asbestos workers. 

This is independent of age. Both of these are 
independent of age, and this is also independent of age. 

Q. Both the incidence of lung cancer in smokers 


Clistote 
95, an 


A. In smokers, and the incidence of mesothelioma 
in asbestos workers is independent of age. 

Q. Okay. And both the incidence of lung cancer 
in nonsmokers and the incidence of mesothelioma in unexposed 
population is dependent on age? 

30 A. Yes. And the inference’ is, as’ I’ve said, that 


exactly the same carcinogenic process is going on. The fact is, 
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A. (cont'd.) that's the same as that, and this 
is more or less the same as that. It suggests that the same 


process is happening, that the carcinogen sequence making for 


yee lung cancer and asbestos for mesothelioma just increases the 
background process by a very large factor. 
Q. You have some...can you elaborate on what the 
carcinogenic process is that you think is going on? 
A. I mean, I could talk all day. Well, these 
a parallel relationships, I mean the incidence of cancer should 


go up as the power of time. It is predicted by the so-called 


multistage model of cancer, and there is quite strong evidence 


that cancer is caused by a sequence of changes, and I'm not 
| saying what they are in too much detail, and that the order in 
which they happen is important. In fact there is a first one, 
| 15 and a second one and subsequent ones. But they can't just happen 
in any order. What they are is not known. I mean, this is the 
| most interesting question in cancer research. 
But they exist and they have to happen in a certain 
| sequence is really rather strongly suggested both by this 
epidemiology and by direct experiment...I mean experiments that 
= are done in animals where so-called initiators are given, followed 
| by promoters, which produces very large cancer. The same two 
agents in the opposite order can be used - there will be no 
| cancers. So there is very strong evidence that there are 
independent changes that take place when you are producing cancer, 
oA and that the order in which they happen is important. 

These observations suggest very strongly that 
cigarette smoking and asbestos affect the first stage, because if 
they affected a later stage...the idea is that a first stage 
happens and so the number of cells involved in the first stage 
builds up to unite, and then the more of those there are, the 

30 larger the target population for second changes, and so on. 
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| A. (cont'd.) carcinogenisis, then the risk would 
increase as you get older. And that's exactly what happens in 
| radiation, of course. The older you are when you are irradiated, 
5} the higher the results of excess of cancer. This appeared not 
to be so because of radiation affecting a later stage of 
Ccarcinogenisis, but cigarette smoking and asbestos, in relation 
to mesothelioma, appeared to be affecting the first stage of 
| carcinogenisis. 
Q. Is that, in my layman's terms, and in the 
| language you just used, does that suggest that they are both, 
asbestos and cigarette smoking, are both initiators? 
| A. Well, yes, but the trouble is they are also 
promoters and these relationships are very different from asbestos 
in relation to lung cancer, and I'm going to go on to talk about 
| 15 that. 
I mean it's really mysterious. There is very 
| strong evidence that smoking also affects the late stage in 
lung cancer, and the fact that the relationships with age and 
| time...that lung cancer in relation to asbestos...also there is 
very strong evidence that asbestos is affecting a late stage in 
| 20; the production of lung cancer and is an interaction with smoking. 
This is very complicated. I mean, it seems to me 
rather extraordinary that the only two carcinogens which 
| have been well studied should both affect the first stage and 
the later stage in different carcinogenic processes. 
) Q. Do you equate the first stage of this multistage 
- process to an initiator, and a later stage to a promoter? 
| A. Yes. That's a synoptic and that's a good 
definition of initiation...I mean, is everybody...? 
DR. UFFEN: Could I ask you a question, just for 


| Clarirication?: 
| 30 Will it be important for us to understand the 


difference between unexposed and exposed? You had a chart on the 
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DR. UFFEN: (cont dad.) ")boardva minute ago, “which 
had the slopes of the two lines the same. 
THE WITNESS: The unexposed are completely 


irrelevant for your purposes. I mean the unexposed people, or 


| 
| 
| 
| rather the fact that people get mesothelioma anyway, is completely 
irrelevant for your purposes. 
And I should also say that in fact these data are 
very dubious. These are data as recorded by the cancer ministry, 
| 10 these data on unexposed people. They are as recorded by the 
cancer surveillance quadrant, and almost all of them have been 
pathologically confirmed, but they have been reviewed by the UICC, 
| a member of the UICC panel, and quite a substantial proportion 
of these mesotheliomas in unexposed people have been reclassified. 
| So this line is really...I mean, if this relationship 
15 is true, it lends some weight to the theoretical aspects of 
these data...but it's irrelevant for the purposes of the 
Commission. 
| DR. UFFEN: But my question is, just for 
clarification, the chart in the paper we have been given only 
has the one line on it. 
| = THE WITNESS: Yes. That's the only one that 
matters for your purposes. 
| DR. UFFEN: Well, we are still ina learning 
stage and I find it difficult sometimes to know what is important 
) for me to understand, and what isn't. So at this stage of the 
25 game I still try to understand, and one of them is dependent on 
| a definition of first exposure and the other one is ona 
definition of unexposed. They are not the same. That leads me 
to the perhaps naive conclusion that I really ought to understand 
} the difference between exposed and unexposed. 
THE WITNESS: Well, in this case a definition of 
| 30 exposed is being a member of the North American Insulation 


Workers Union, and the definition of unexposed is being a member 


| 
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THE WITNESS: (cont'd.) of the Los Angeles 
population which has never been exposed to asbestos. Those 
are the operational definitions that these lines are based on. 

MRA LASKIN: Of £ Chink atc might. help us a littie, 
and I think there's some tables in your paper at tab nine which 
are of some importance. I don't know if you are coming to that, 
but if you are not, I think it might help us if you went through 
the tables and explained to us what is on them. 

THE WITNESS: A. Well, I think they simply go 
through the data that I have shown on the graphs, more or less. 
The first table shows that age at first exposure is irrelevant. 
I mean it's an analysis which in fact, in more formal terms, 
shows the results of that figure that shows the age at first 
exposure is irrelevant to mesothelioma in asbestos workers. 

On" Okay. “Can we just go through a couple of 
questions in detail, because just looking at table one in the 


paper, you there have taken all of Dr. Selikoff's mesotheliomas... 


that's two hundred and thirty-six...and you have divided them up 


between pleural and peritoneal and in accordance with the various 
cell categories that you've got. 

Now, your expecteds, I gather, are not the kind 
of expecteds that we have been used to seeing in epidemiological 
studies which are based on external populations. 

As, Yes. 

OF =. NOtICekWOUl. this is a kind of internal 
expected, and I think it might help us if you told us how you 
calculate this internal expected and what its significance is. 

ha Are yOu sured ls 2c WOrci Lee And 1. don t.. . 
I mean, the conclusion is simply what I've shown in the slide. 

Poti teri evOUr, teal @is Vou do 1S...) mean 
within each cohort you've got a certain number of man years, 
you've got people first exposed, age of first exposure, twenty, 


thirty, forty, and then you've got a particular time, say thirty 
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A. (cont'd.) years after first exposure, you've 
got people that have been followed up to this point in time. And 
| you have man years of followup, so let's say that, I mean, a man 
5; you've followed...you know what that means - that someone has been 
followed up from the first of January one year to the first of 
dganuary Of the Next, Sort Of ithing.. 

O. Right. 

A. And let's say you have, three thousand man 
“| years in that cell, and two thousand in that cell, and one thousand 
in another cell. So in total you've got six thousand man years 
of observation. 

Then...and let's say you observed a total of 
twelve mesotheliomas in the period thirty to thirty-five years 
after first exposure. So the actual rate you observed is twelve 
15| Over six thousand, which is two per thousand per annum. 
| Then you work at the expected number in each cell 
by simply applying that rate to the man years. So if there's two 
per thousand per annum, and there's three thousand man years, 
the expected is six. And two per thousand per annum for two 


thousand years gives you an expected number of four. And two 


=< per thousand per annum for a thousand years gives you an expected 
number of two. 

So by definition the expected numbers end up 
identically to the observed ones, and if you look at the bottom 
row, that's the case. 

25 So then you actually look and see what the expected 


numbers are. If they eventually turn out to be sort of six and four 
and two, or more or less six and four and two, then that implies 
that age is not having any effect, given that your thirty years 
after first exposure the weight is exactly the same irrespective 
of how old you are. 

30 So that's the way we would calculate it. 


n 


Q. Just one other question on table one. When 
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Q, (cont'’d.’) “you talk “about s“Encidence ‘béeitig 
related to the third power of age, for example, the third : 
power of time since first exposure, how do we do that if you take 
an incidence rate on table one? 

A. How do you actually calculate the experiments, 
or how do you actually do the calculations? I mean, the ... 

Q. Does that mean, for example, if the incidence 
rate in cell twenty-five years since first exposure is one point 
five? 

AW Yes, Ishin fact 2h vou nook abathe next table, 
table two I think that is, which illustrates the point I was 
making about the rates actually being different in the 1922 to 
1946 groups, in the early and later ones, the bottom row of that 
is the data, the number of cases and the number of man years for 
people first exposed between 1922 and 1946. Those are the rates 
that were plotted, in that upper line there. 

The expected numbers there are calculated by 
fitting that model, that it's some constant time since first 
exposure, in fact three point two is the exponent that fits these 
data best, but I mean that's the...it says three point six on 
that slide because it was calculated before three years of 
update had been done. But then I think the confidence interval 
would have to be quite wide and I think between three and four 
is a better way of describing it. 

Q. Does that mean you cube three point two, 
or you cube the time since first exposure and you will get the 
incidence rate? 

A. Yes. I mean, for example, I mean it's 
actually got it at the top of the table. I mean, if you take 
thirty-two and a half years, for example, at a period of thirty 
to thirty-five years after first exposure, thirty-two and a half 
to the power of three point two, and you multiply that by four 


point four times ten to the minus eight, that gives you the weight 
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A. (cont'd.) for thirty to thirty-five years 
after first exposure, the weight per annum, and I hope that if 
you multiplied that number by one four seven one one, which is the 
number of man years, you will get forty-four point two six, which 
is the expected number in that bottom row. If you look in the 
bottom row, you have an expected number of forty-four point two 
six for the numbers of cases, and the correspondence between the 
observed and the expected numbers in that bottom row is a test 
of how well this model fits. And you can see that it fits very 
well into that. 

Q. Where does the figure four point four come from? 

At? tts the Constance, thar yous... mean, that’s 
the fitting constant, I mean the exponent. It tells you what 
the slope of this line is. The constanttells you where the line 
is. 

Q. That is dependent on your data? 

ae LCS < 

DR. DUPRE: Counsel, could I ask a question? 

MR. LASKIN: By all means. 

DR. DUPRE: Mr. Peto, I'm stuck way in the back 
of the bus on a very, very elementary point, and my conclusion 
undoubtedly arises from...as an amateur trying to inject 
kindergarten notions of dose response into what I've been listening 
to. 

When you point out to me that the incidence of 
lung cancer in smokers is proportional to duration of smoking, 
in elementary dose-response terms I say to myself, well, I can 
see how this could be, because at least the duration of smoking 
is one of the two elements I need in calculating what the 
dose has been...the number of cigarettes per time unit. 

THE WITNESS: Yes. 

DR. DUPRE: But then when you go to the incidence 


of mesothelioma among the asbestos exposed, the proportionality 
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DR. DUPRE) (Cont. d. jis wien time since first 
exposure, which of course does not tell me anything about the 
duration of exposure. It doesn't tell me either, of course, the 
| 5| unit of initial exposure. At this point my concept of dose 
starts to fall apart. 
| THE WITNESS: There is a very important point...there 
is actually a profound difference, there is one really profound 
| difference between the data on lung cancer and the data on asbestos, 
is exactly that... But vis in fact...1 don’t: know if...I've got a 
% slide, but I won't bother to dig it out...but when you stop 
| smoking, your lung cancer rate stops going up instantly. As 
you stop smoking...I don't know if you have ever seen the data 
| - On smoking...the lung cancer rate goes up like that, as the fourth 
power of how long you have been smoking. The instant you stop, 
it just stops going up. It may go up very slowly, but I mean 
it changes dramatically, it virtually freezes, and that is not 
| true of mesothelioma. 
This is a profound difference, and the reason for 
this apparently is that smoking affects a late stage of 
Carcinogenisis as well as an early one, and you stop promoting 
20 the cells. A smoker who has given up has got plenty of cells 
| which are on their way to becoming lung cancer cells, but the 
last stage or last stage that one has to go through, which is 
also affected by smoking, drops dramatically when you stop 
smoking. 

So this suggests that smoking affects an early 
stage because of these relationships, and a later stage. Whereas 
for mesothelioma is appears that asbestos only affects the 
first stage. That would be the natural interpretation of these 
data because the risk keeps on going up. 

In fact...I don't want to go backwards and forwards 

39} between different exhibits, but if you look at exhibit ten, 


this thing about risk assessment of asbestos in schools, there is 
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THE WITNESS: (cont'd.) a table in there which 
deals with this. 

If you look at table...where was that...yes, table 
One, which is on page four. 

Now, if you assume that the incidence of mesothelioma 
which is caused by single brief exposure goes up as a cube of time... 
I'm not quite sure whether to write all this. Should I write on 
the board or what? 

MR. GASKIN] "Yow Can... 

THE WITNESS: I would like to leave this up 
because TF 7think 1c Ss quite amportanc.,* 2 1) oo wt in a corner. 

DR. DUPRE: It's already written in my heart, Mr. 


Peto. 

THE WITNESS: Well, it is very important. Underline 
it in your notes. It"s absolutely crucial. 

The mesothelioma rates go up as the sort of third 
or fourth power of time since first exposure. The simplest way 


of explaining that is that in fact if you have one fiber, if 
you like, one little asbestos fiber that comes in, or if you 
like, you are exposed for a short time, you've got sort of one 
year, say, or less, then you more or less got all your exposure 
at the same time. Then in fact the incidence that that would 
cause, the resulting incidence, would go up as time since then, 
cubed. 

If you assume that every little bit of exposure 
is independent of all the other ones, then the bit of exposure 
that you got then goes under this time cubed, and if you are 
continuously exposed abit and you go to the next year, it goes 
up as time cubed, like that. And the bit you got in the next 
year goes up as time cubed, and the bit you got in the next 
year goes up as time cubed. 

So if you are continuously exposed, you add all 


those curves up to work out what the risk is. 
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THE WITNESS; (cont'd.) If you are exposed for a 
certain period and you stop, you add up the curves up to that 
point and then stop. So I mean that would be the effect, that 
5 Single curve would be the effect of a year's exposure. The sum 
of those four curves would be the effect of four years’ exposure, 
and the sum of twenty of those curves, Imean adding them all up, 
would give you a curve something like that and would be the 
effect of twenty years of exposure. 
When you actually do the arithmetic of that, it 
10 turns out that one year of exposure, the effect of brief exposure, 
is to increase incidence as the cube of time, and continuous 
exposure will produce an incidence pattern that goes up to the 
fourth power of time. Intermediate exposure is given by the 
formula at the top of table one in...what do you call them...you 
don't call them exhibits, do you? 
MR. LASKIN: Sure. Your tab number. 
THE WITNESS: In the paper that's tab number ten, 


15 


- that formula, 74 - T- v.07, which is obviously intermediate 
-between the third and fourth power relationship, goes up in 
this pattern. And that table shows what the effect of different 
20; asbestos durations is. 
DR. DUPRE: At what page in the tab? 
THE WITNESS It's page four. 
MR. LASKIN: Table one. 
DR. DUPRE: Table one, page four. 
THE WITNESS? *That’ S°ite 
And if you look at the righthand column, the 


continuous at the top of that, is v4. 
These aren't data The righthand column on U.S. 
insulators are data, but the numbers to the left are just merely 
, calculated arithmetically. The righthand column, the continuous 
30 apove it, “is in’ fact r4. The lefthand column, which has got one 


| year, but that's duration since exposure, is rT, The intermediate 
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THE WITNESS: (cont'd.) ones arecalculated by this 
formula, and the thing is that they don't vary enormously. You 
can see that the effect of, the difference between brief exposure 
and continuous exposure is nor enormous. I mean they are both... 

MR. LASKIN: Q. These are incidence rates that 
are plotted... 

THE WITNESS: A. Yes. Well, they are hypothetical. 
They are not data. Yes. Just to illustrate what the effect of 
this sort of model would be, and I think it's a plausible one. 
Well, it is the model that I would suggest as a basis of predicting 
Tiss, 1 \Lacc. 

QO. "Doethen.. 

Aye *AnGy SOL Corie  Lrnree ana a fialt, this-T “to 
the three and a half that comes out of these data, would 
therefore be a sort of average between the threes coming from 
brief exposure and the fours coming from continous exposure. 

The data are never good enough to distinguish the risk there, 

and T to the three and a half would fit either of these perfectly 
well because you never have large enough numbers to estimate 

the exponent accurately. 

So this "is a fairly..<I think*a plausible 
theoretical basis for predicting the effects of brief, intermediate 
or continuous exposure. 

Q. Is the practical conclusion that taking 
someone out of asbestos exposure or just giving them brief 
exposure as opposed to longer exposure, may not greatly provide 
a difference in terms of his risk of getting mesothelioma? 

A. No, you should look at the bottom row of 
that table...the bottom few rows. You will see that from one to 
six years, the risk is virtually proportional to duration of 
exposure. In fact, it's five rather than six years of exposure. 
The effect of one year of exposure, for example, is forty-two 


point five years after first exposure, the incidence is eighty there. 
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Aw (Cont Ads)» In whatever DMCS elt GOES up to 
four hundred, so it increases by a factor of five when you have 
six times as much exposure. So that's virtually proportional 
tor duration. 

But if you compare to ten with continuous, there 
is quite a small increase. I mean, ten years exposure is almost 
three-quarters as bad as lifetime exposure if you were exposed 
from age twenty to thirty. Whether yougo on working in an asbestos 
factory for theirest of vour lite or retire at that point will 
really have very little effect on your lifelong risk. 

So I mean, it is quite important from the point 
of view of...I mean, you need some central model, and I think this 
is a plausible one, in the absence of better data. 

Q. Up to about ten years, briefer exposure will 
make a difference? 

A eves. JUOetOrebOUr .lameam att. tt. S. Up to 
five years, the risk will be proportional to duration. From five 
to.ten it starts tostaileorfl,, and bevonditen iat has virtually no 
effect. And you can see the reason for that. I mean, the reason 
for that is very obvious. It's that these curves go up so 
sharply that if you are going up as a cube of time from here, 
it's so high by the time you've got to ten years later that this 
Curve never begins to catch up with that. 

Q. Do you apply that model regardless of fiber 
type? 

Asjeces: | THe: acs yOu Look at... 

Q. Table three. 

A. ...table three in the ninth paper...is it the 
ninth? Yes. If you look at table three in the ninth paper, there 
aren't data of anything like this magnitude on other cohorts. 
These are the only cohorts I could find where mesotheliomas have 
been tabulated by time since first exposure. 


There is quite a variety there. I mean, there's 
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A. (cont'd.) the insulation workers who are 
exposed to practically everything, there's the Newhouse and Berry 
study in England, where again there was mixed exposure. There's 
a tiny chrysotile factory that we've studied where it was more or 
less all chrysotile. There's an Australian crocidolite mine where 
the exposure was very heavy to crocidolite, and then there's 
the pure amosite factory in the very brief exposure. 

So in this paper you've got quite a wide range 
both of duration of exposure and a complete spectrum of fiber type. 
What this table shows, without going into the statistics in morbid 
detail, is that the time distribution of mesothelioma more or less 
fits the pattern in all these studies. 

So it seems, you know, the numbers are small, but 
you can't say what would happen if you actually had a cohort of 
twenty thousand crocidolite miners and twenty thousand, you know, 
sort of open to study...but only given the data that are 
available, it seems that the time course of mesothelioma really 
is more or less independent of either fiber type or duration 
of exposure, which is an enormous simplification, of course. 

I mean it's very easy to sort of just apply the same model 
mindlessly to any form of asbestos and get more or less the 
right answer. 

Q. I don't know whether it's the time to do it, 
but I did want to explore with you that point, because I note..I 
take the chrysotile textile factory that you refer to here is 
Rochdale? 

Be CS. 

Q. We have heard evidence from a number of people 
on the question as to whether there was crocidolite at Rochdale 
or there wasn't crocidolite at Rochdale, and what effect, if any, 
if may have had. I know you are probably aware of it. There is 
a little footnote in the Simpson Report where it appears that 
they threw up their hands and said that they could never really 
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Q. (cont'd.) find out now what the situation really 
was at Rochdale, so... 


A. Well, that's not entirely true, because they 


| 

| 

| 5 have been examining lung samples of people who work there. They 
are very late to publish the results. I mean, you would have to 

| keep it front of you to know what the results are. I don't think 
you asked them. I don't know. 

| But the answer is that there was some crocidolite 


prevent not much. But the actual amount really ought to be 
| ie escalated by looking at their lungs and looking at the lungs of 
other workers exposed at more or less the same time, who were 
known to be heavily exposed to crocidolite. 
That experiment hasn't been done, but the only 
information is that there was some crocidolite processed there, 
a5) Put it.was a very small factor in the total fiber. 

Q. One of the points, I take it, that you make, 
from reading your papers, is that chrysotile, in your judgement, 
does cause mesothelioma at rates that may be comparable to 
cohorts where there has been crocidolite, and that the kind of 
mesothelioma it causes is pleural mesothelioma? 


20 A. Yes. Yes. I mean, that's gone into in some 


aetail in this paver. if vor look at table four, in fact..table 

four is quite interesting because the implication of this, 

| obviously, is that if you've got this form of the incidence of 
mesothelioma as proportional to time since first exposure to 

| asbestos, to some power, then there is a constant there. It's 
equal to that times, some constant times that. This constant 

| entirely determines the risk, it entirely determines the 
magnitude of the exposure. 

What table four is, is a tabulation of what those 
| constants actually are for different cohorts. 
30 DR. UFFEN: Is that the one you referred to as 


| four or about, a little while ago? 
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THE WITNESS: (cont'd.) a certain amount of very 
loose discussion of numbers in these studies. I mean, Selikoff 
has two hundred and thirty-five mesotheliomas in his cohort, and 
everybody said well, two hundred and thirty-five is a big number. 
Corbett McDonald only has twelve, I think, eleven or twelve among 
Canadian chrysotile miners, and in the Simpson Report it said, 

I guess there are only twelve in all those miners, the risk can't 
be very high. 

Buc its not the rignt denominator. I mean, you 
have to look at what the overall risk is in the ratio of 
mesothelioma to lung cancer, and in particular to adjust for the 
effects of time since first exposure in the way that I've 
done here. 

When you do, you find that these cohorts at 
least really have very similar risks. I mean the variation is 
very small. I mean, the risk is actually higher in the Rochdale 
factory and in Newhouse and Berry's factory, as it was among 
insulation workers. Both of them were only of the same order. 
DR. UFFEN: Could I just make sure I grasp 
something here in this table? 

Should I interpret it in the column under the 
total relative risk, the one you've drawn attention to already, 
your own chrysotile textile factory, is only two point nine and 
the others are four point three. Is that difference 
significant? Is that what you are telling us? 

THE WLINEOs: No, 1 'm saving...1it's obviously 
significant, yes. I was talking about the lefthand column. 

I was talking about the pleural mesotheliomas particularly, 
because there are no peritoneal mesotheliomas and I don't think 
anyone who has been principally exposed to chrysotile has ever 
had a peritoneal mesothelioma, as far as I know. Peritoneal 
mesothelioma seems not to occur in chrysotile workers. 


It doesn’t occur ian crocidolite miners, but,it 
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THE WITNESS: (cont'd.) sometimes occurs in people 
who work industrially with crocidolite, which seems rather 
ambiguous. And it accounts for the majority of mesotheliomas, 
fifty percent or more of mesotheliomas in people with substantial 
amosite exposure, so I think it's quite clear that peritoneal 
mesothelioma isn't caused by chrysotile. 

But in terms of...the question is whether the 
pleural mesotheliomas in chrysotile workers are caused by 
chrysotile, and so for that purpose I think the lefthand column 
is the important one, which looks at the risks of pleural 
mesothelioma alone. That's the column that I was referring to, 
and the difference is actually quite slight. 

MREVEASKIN' O. Lou, in vyour Rochdale COnort, if 
I recall your figures, you have ten mesotheliomas, is that...? 

THE WITNESS: A. Well, inthe whole factory there 
have been over forty, but in the cohorts that we are actually 
studying, there were twelve, I think, in that analysis. It's 
published in the Lyon meeting. 

DR. UFFEN: You just made a comment, 'the 


differences are vwuULte SLiguc =" Excuse us at 1t Ss Gdifricult for 


us to grasp what is slight and what isn't. 

I see for your chrysotile ones, the figure is 
two point nine. 

THE’ WITNESS: Yes. 

DR. UFFEN: But for Hobb's Australian crocidolite, 
it's five point one five. 

THE WITNESS: Yes. 

DR. UFFEN: Now, for those of us who are still 
learning the game, that's getting close to double. But you 
say the differences are not significant? 

THE WITNESS: What I'm saying is that I think 
one would expect both from the limited data that are available 


on risk in relation to duration to exposure, and on general 
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THE WITNESS: (cont'd.) grounds, I mean on 
theoretical grounds, you would expect the dose-response to be 
linear. 

In other words, you would expect someone who 
is exposed at twice the level for a given period of time, to 
suffer twice the risk. 

Now, if crocidolite miners who were exposed under 
appalling, uncontrolled conditions, only have twice the risk of 
people who work in a chrysotile textile factory which is in fact 
regarded as extremely clean by the standards of the day, I mean 
actually it's an unusually clean factory, and within that clean 
factory I would think that less than one percent of the fiber 
was crocidolite...probably considerably less than one percent... 
it seems to me unlikely that you can get fifty percent of the 
mesothelioma rate as a result of that minute crocidolite 
contamination, which is the Simpson's report interpretation of 
ther data. eel xthenken tistan wptiniustac interpretation tile think 
it's more likely to be caused by chrysotile....particularly in 
view of the animal experiments. I mean the animal experiments 
have consistently shown that at given fiber levels of a 
particular dimension, ‘chrysotile is at least as dangerous, if 
not more so in terms of carcinogenic potential, as the other 
types of asbestos. 

So I think that the weight of evidence, in every 
sense, suggests that the risk associated with the chrysotile 
can be, for pleural mesothelioma if not peritoneal mesothelioma, 
is probably of the same order as the other fiber types. 

This isn't something that one can be, you know, 
one can be certain on. But all the weight of evidence seems 
to be pointing in that direction. 

MR. LASKIN: Q. Do you make any difference in 
terms of the length of exposure or the intensity of exposure as 
between one fiber type or the other? And I'm thinking of the 
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Q. (cont'd.) gas-mask workers studies both in 
this country and in England. I mean, who, as I understood it, 
had very brief exposures to crocidolite and had a fairly high 
incidence of mesothelioma. 
THE WITNESS: A. They also had very, very large 
numbers of crocidolite fibers in their lungs at autopsy. 
I think the data come in at the Lyon meeting, I think. There 
have been studies, at least in England, of the fiber content 
19| Of their lungs. The mesothelioma cases almost without 
exception had very high fiber contents, and so they were 
apparently exposed to actually very high levels over a short 
period. 
The difficulty is that I don't think there are 
any data in the world that relate any fiber type other than 
18} chrysotile to fiber in the lungs. There is actually nothing 
at all for crocidolite, and for amosite, which usually cohorts 
have been exposed to mixes of fibers, there are particles of 
fiber conversions, which are very, very dubious. 
So there is no evidence whatever to suggest that 
a the risk of two fibers per ML would be any different for 
chrysotile, or for, crodicolite or for amosite. I mean, the 
data seems to be consistent with the notion that those would 
be...you know...I'm not saying that they are exactly the same, 
but there are no data to show that they aren't, as far as I know. 
The animal experiments suggest rather strongly 
25| that that would be the case, and the epidemiological data are 
at least consistent with that. 
I think we've got to the end of that. 
DR. DUPRE: Mr. Peto, would you permit another 
very elementary question that...it follows a line of questioning 
that my colleague, Dr. Uffen, opened up when he asked you 


basically about the data definitions that were involved in the 
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DR. DUPRE: (cont'd.) Los Angeles study whose 
results are reported here, and of course are consistent with your 


incidence proportionality. 


; And the question I have is this: You get your 
data of mortality among insulation workers from data that is 
provided by the insulators union, correct? 

THE WITNESS : Yes. 
DR. DUPRE: That defines, of course, your exposed 
on population? 


THE WITNESS: Yes. 
DR. DUPRE: Now, what you have is data that first 
of all shows you the number of mortalities, correct? 
| THE WLIINESS:. Yes. 
DR. DUPRE: And then presumably case by case the 
| 15| data indicate the time of first exposure, which is probably 
arbitrarily defined as time of first employment? 
| THE WITNESS: As date of entering the union, I 
think» 
DR. DUPRE: Sentry intoutne unionsand or. inigial 
| employment? 
2 THE WITNESS: Yes. 
| DR. DUPRE: Of course, there could be a difference 
between the two. An unorganized shop that became certified would 
| have a disparity between time of first employment and membership 
in the union. 
THE WITNESS: It is rather remarkable that you 
get this extraordinary division between curves. Those dates 
were allocated at random. Those curves should run into each 
| other, and they are perfectly separated by intervals of ten 
years, which is what the data suggests. So I think the data 
| are fairly reliable in that case. 
30 DR. DUPRE: All right. Well, now, can I ask 
| you this other question that occurs to me about your data? 
| 
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DR. DUPRE: (cont'd.) The data isn't the mortalities. 
It gives you the time of first employment...or sorry, time of 
joining the union for each mortality. 

Now, does it...do you also have duration of 
employment in the data? 

THE WITNESS: No. They have certainly never tried 
to analyze it. I'm not very familiar with these data. I'm in 
a slightly awkward position. I'm pinching Professor Selikoff's 
data from a distance of five thousand miles, and analyzing them. 
They have never presented any data on duration of employment, 
and I understood from Herb Seidman that in fact they didn't 
have information on that. 

DR. DUPRE: Let me tell you the reason I'm asking 
this question, as a layman who from time to time has to deal 
with numbers. Offhand my expectation would be that if you have 
the numbers that you have, so many deaths by so many members of 
a union, that of course those members of the union, whatever 
the number may be...let's say it's two hundred...of course, 
individually, to be sure, have quite different durations of 
employment. 

THE WITNESS: Yes. 

DR eDUPRE: And therefore, exposure. 

But, you know, on various averages, whether 
you apply a median or whatever, you might well be looking at a 
group of two hundred which, on average, let's say had an 
exposure of what...fifteen or twenty years? 

THE WITNESS: Yes. Yes, that's right. 

DR. DUPRE: Now, I guess why that leaves me 
scratching my head is that is a factor there, you know, the 
fact that they were employed, on average, for heaven knows 
how long, that is not taken account of, and I guess I'm asking 
myself 'where coes that leave me with the whole notion of time 


since first exposure'? 


7540-1171 


16 phat ave onto NOY mayest 


boli? iaver yinkadae. evar vont om seRawten ; 
ni ah -atheb wade Attw, tel Limes gin ein tobe 
a '2itetilel wneasters trisanty m*I .» 
_aofs oaisylods Beg ,seiim Basevons avl?, to, Raptr) ob 
s Insinyol que Se rokesivh mo ateb, yao batneseiq 3 
s'nbib ys aoe? ad sods cambios, dzet moad be 


eaauten 


ag 

onisdes. m'= nogeot ada voy tise aut 4ea ae on 
ineb of aud emis 03 emt? mort ony, aaayel % os Oe 
ved voy 2) sata sd Bivew nolassoegqne yn oneness, 
to enednen yas Os yo sridseb yosm of eves pape 
revesaiw ,wolmy ef) to exedmem exons seiuoo to Sind) 
,wemes 30, _borbemel ow? e'3i vse algal... oc yam 
te gnoidsyeb dnewwlilb etivp sved ,oz0e sl od 4% 


aoe caeaersy 2 

,siunogxe ,stozeted?, bes R900, .Ad 

saritodw ,aopeseva evodsev oo woo Woy 3H? i 

sp js prbdodt od Llew sagin woy ,revetedw to 

as bed yee e'et .epeaeye, ae ee | 
Teraey Yviows 1o AoRtT ED, » «FA Ae 

- tein. e' F802 20h. AOE, sary SP a 

on seveok 2807 _ nae SS Prins = 
ond ,womk yoy oreta yospeR s Bt, >8s amp 

aes 


ewond asveed, 203 reas oe 
Sei ae muse ae bt 
oni? 40 aoidéa ebay 


x 
' | 


10 


15 


20 


¢ 76) 


- 40 - Peto, in-ch 

THE WITNESS: Duration of exposure and time since 
first exposure are two quite different things. I mean, these 
deaths are principally...the majority of them occur forty or 
fifty years after exposure. They are occurring after retirement, 
like most deaths. 

DR. DUPRE: Well, let's say that on average there... 

THE WITNESS: The question is whether or not 
you get a fundamentally different time distribution if the duration 
of exposure varies. 

Now, I think that this theoretical argument 
which suggests that it shouldn't, taken together with the data 
in that table which show that different cohorts...some of which 
had very brief exposure indeed...conform to the same pattern. 

As I said in the paper number nine, the table... 
three, I think, table three...which compares the distribution 
of deaths with the expected distribution in different cohorts, 
and they all more or less fit...varies between...I mean, the 


amosite factory, for example, that Herb Seidman studies, opened 


in 1941 and closed in 1945, and most of the people got less 


than two or three years. So these had virtually point exposures. 

The insulation workers, the majority of them 
would have been exposed for twenty or thirty years, as you say. 
Many of the crocidolite miners were briefly exposed. So there 
is direct evidence that duration of exposure doesn't matter. 

I'm not saying it doesn't matter in terms of 
the actual risk. I'm talking about the pattern of risk, whether 
or not it follows this pattern. 

The question of how that is related to fiber 
levels is a separate one, but at the moment I'm simply saying 
that these relationships are clear. 

So I> dom’ t’ think that. tt matters.-" And as. F- say, 
iT mean, 19 tact, it you Look ac ctnat’ table...2. 21> sort-of go 


backwards and forwards between these things...but if you look 
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THE WITNESS: (cont'd.) at that table one that we 
were referring to just now, that thing about the schools, paper 


number ten, in fact the data on asbestos workers fit very closely 


5| the effect of ten years exposure. 

I don't know how else to interpret it, but I 
would think you work in the union for ten years and then get 
Promoted" OrerelLire. “OF Simiply co che model...in fact you 
might note the data in the righthand column fit astonishingly 

Bf Gosely the patterns for continuous exposure. 

But that's rather just like, as I say, twenty 
years of exposure. I mean, coming up from ten years exposure, 
anyway. 

MR. LASKIN: Q. So what you then did, you 


get the same pattern but would you then get different slopes 
15| tO your curves depending on how much...what the dose was or ... 
I mean, I take it there must be some difference, 
FOLLOW LAG eUp ss 
THES WLINESSs ©A.) Yes, this...i mean in the 
“extreme, you should use the cube of time, which is absolutely 


continuous exposure, will produce an incidence that goes up 


20/ as the fourth power of time. 

In fact, most of the data one has, necessarily, 
is somewhere between brief and fairly short. You don't actually 
have cohorts of people who have continuous exposure at high 
levels. I mean, there are absolutely none, because even the 

- early workers... 


Q. So that when you...coming back to figure 
One on your tab nine where you plotted your curve from year since 
first exposure...what power have you taken, three point five? 
A. Those data aren't...this is purely the observed 
: cumulative risk. I mean, what I*ve done there is, I've taken 
30} the numbers of deaths that occurred in the first sort of five 


| year period from whatever it is..I mean, there is no model, no 
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A. (cont'd). ustatustics ingthose...It would 
be the data. 

I mean, the reason that that line goes up and then 
that dotted line correspondent to people age thirty-five or more 
at first exposure, in the bottom curve, the reason that that goes 
flat there is because, I think, there are a hundred and sixty 
man years Of observation, and there were no deaths in that case. 
So the weight was zero. The observed weight was zero. There 
were no deaths at a hundred and sixty years of observation. 

I mean, there's no model fitting at all involved 
in those curves. They are based on the whole data. It is 
this curve, which is a straight plot of the data restricted 
to 1922 to 1946 employees, and the dotted line is the...T to 
the power of four. 

Q. Suppose, for the purposes of figure one, you 
just took the data, say, only those insulation workers who had 
worked for twenty years. Would you get a different slope to 
your line? 

A. Those lines don't really have...the absolute 
level of the line might be lower, but I think that the slope would 
be the same. 

The slope of the line...I mean, there are two 
separate things there. I mean, the incidence is equal to some 
constant times Time to the three and a half. Now, that's the 
slope of the curve that I was showing you. I mean that's the 
only line curve that used model building, and this constant 
depends on dose and duration. 

Ow Okay 

A. What I'm suggesting is that in fact this 
dependence on duration is given by that pattern in that table. 

I think you have to assume its dependence on dose is linear. 
So you have three separate factors. You have this factor, which 
is Tetoegthe three and)avhal£es. 


7540-1171 


t i) ‘ yo Ae is 


a 


; vs eG ma, — eo 


| * tye, 

Beet te peods at eolsmissga\i 

ye - SiN bh nae dae 

 gadg bee ad meow ends. sods torts f Be pi te a 

“som x0 evERHysrEd? aps oLqoeg 09 smbapaEesae®, Ont 

woop Jedd, dealt goghes en? Lovie modited. edd A 

yale Bae Besbaud s o3s s7ed3, inkdd Taqueoed 4 

seey todd mb aridmed on exon oot ee 

ore0T «Qiet Ba¥ idplaw bevisede ed% .0see pain 

_noissveeado to #I52Y yixle bas berbaud s sen 

bevioval [la 2@.pal22ii leben on @' etek?) ,G89m t 

ad JI «@3ab afodw ond, no beasd 978 yout stoves © 

petolusaes #3eb ote 20 sof sipieuje © et doindw , 

ot Y...e82 g& satl beiteb ed? ns .aseyalgque eher of 

wot to qeuoq ade | 

yoy ,900 stupzd Qo seeogite ed3 x02 peRoggue 2 1) TY 
Sait orw. woke rolisivest eeots ylno yyeq) soe ads A0OF 

o2 sqole gussetSib & soe voy bluoW e168y yanew | 


etulosds adt...sved yiisex Jab gengs eeodt Py ge ee ite 
hivow eqose ot tomy amadd X aud ysevol sd/adpim enue 
| ae, gama het 

ow? 216 wxorfdt .nsem L.,,enll edd to egole edt es ae 

smos of lewpe et eoneblanl add ,asem 2 .siedd apni se 
oft a'¢entt \wow' .2fed a bos eeu era OF smi” entnea 
ott e'tett naom I .woy pniwotle eew I sed? evaen ene 
deadened eins brs eee eey lebom Seer t8d2 


aide Jost at sane ak gnitieppee oz ee a 
ehded sad? ni neat seig, 2a xa pie stig a 
.seenit at seh ae, epaehneqeb ett 4 
ioivw .setcnt ald? ered, woY¥, wold +Az 


‘sonabe 


* 


- 42 - Peto, in-ch 
Q. Which determines the slope of your line. 
A. Which determines the rate at which it goes up, 
I mean, how long it takes to double or to triple, whatever. You 
5 have this factor, the duration factor, which I would suggest is 
roughly linear up to about five years and then gradually tails 
off, and beyond ten or fifteen years it doesn't make much 
difference how long you are exposed for. 
Then there is the dose level, which is the 


fibers per c.c., and I would suggest that you have to assume 


ba that that's linear, because that's the most plausible model and 
there are no data to support or refute it. 
I mean, I think you have to assume dose 
linearity. 
DR. UFFEN: May I clarify something right here? 
15 MR. ‘LASKIN: Sure. 


DR. UFFEN: Is there a difference between the 
definition of incidence and mortality? 

THE WITNESS: Not much in this case. I mean, 
the average survival for mesothelioma patients is in the 
order of a year, I think, something of that sort. I mean it 

20 isn't on there. You can find it in different data. 

DR. UFFEN: Can I draw attention to something 
that may be a source of confusion for people? It was for me 
and I think I have just...in two tabs, nine and ten, similar 
data are presented. In tab nine, it's figure two. In tab 
ten, it's figure one. They are not, however, the same, and 

7 they are not entirely the same as what was on the chart. 

THE WITNESS: Tab nine, figure nine? Oh, 
figure two. Sorry, in which one? 

DR. UFFEN: Tab nine is your paper, Mesothelioma 
Incidence Among Asbestos Workers, and tab ten is the school one. 

39| AS near as I can make it out, tab ten, figure one, has more 


information in it than the other one. 
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THE WITNESS: You mean it's got the data on the 
unexposed population? 

DR. UFFEN: Yes. 

THE WITNESS: Well, there were two differences 
there. The data on the unexposed population are actually in yet 
a third paper, number eleven. There is a table there, not a 
figure, but a table, table eight, which gives the age distribution 
in the unexposed population. 

DR. UFFEN: Just to tidy things, in one case on 
the board you were talking about the mortality in the unexposed 
general population, but in your paper you crossed it out and 
put ‘incidence’. 

THE WITNESS: It is incidence. Where there 
were cases referred to the cancer ministry. 

There are two differences. The paper based on 
Selikoff's data was originally based on the followup from 1967 
to 1976, which is the data that has been...he has published 
several times and all references you have seen would be based 
on that followup. 

Much to my annoyance, when I had written this 
paper he insisted on extending the followup for three years, 
which didn't substantially get results, but held up publication 
for six months. 

Those data...I suppose you ought to make a note 
of it...these data are based on the 1967 to 1976 followup. 

The data in the school report, tab ten. Whereas the data that 
are actually finally published, you will notice the confidence 
intervals are slightly tighter in figure two of tab nine, and 
that's based on the 1967 to 1979 followup, an extra three years 
of followup. 

The other difference in relation to the unexposed 
population is that the data shown in the schools report is all 


the cases diagnosed between 1972 and 1979 in Los Angeles. 
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THE WITNESS: ( cont'd.) There were fifty-five of 
them. 

To simplify the presentation, in the paper tab 
eleven, in which we wrote about that, we restricted the cohort 
population Co L974.to 1978. “So inetact maybe. | ycould.write ali 
that down. 

So those data in the schools report never have been 
and never will be published in exactly that form anywhere else. 
In fact, since this hasn't been published, they won't be 
published at all. 

The conclusions are poor, as you say, but that's 
the reason for the small discrepancy. 

MR. LASKIN: Q. Could I just ask you one more 
question about that K constant in your equation? The K constant 
is the item that embodies whatever duration of employment number 
that you've got? 

THE WLTNESS: A. Yes. 

Q. If you assume a linear dose-response 
relationship and an average dose per year, then I guess duration 
of employment and dose really work out to the same thing? 

A. Not for longer exposures. As I say, in that 
table in the school report, we actually work at the constants of 
that formula. They work out to the same thing up to about five 
years, but the effect of later exposure, it becomes less and less 
significant simply because the incidence is determined by this 
high power of time since first exposure, and the fibers that you 
have breathed in later, within your pleura or peritoneum, have 
much, much less...a disproportionately reduced effect. 

Q. How does dose, then, find its way into the 
calculation? 

A. Dose is assumed, but presumably linear. I mean, 
this is constant as being directly proportional to the fiber level. 


It also depends on what size the fibers are, but I mean, I don't 


7540-1171 


" srodop ada: Bpaptecess ow oe ae | 
igs 99 tw, bawep,t adyam. eet “ee BTR oo FEE, 
. ing widen 
aged svét savant eye? alogis edt, a naeb, pes 8. 
oslo, oredwyde e203 tadd ylaoaxe nt bededidua ed 
ed 2'n0w, yar ii nosd “ame ne ose 


PNA i iam a 7 7 


e'ted3 ‘dud \ yom Mey as ,3000 B76 snaieslienes: — Pe) 
«eyoasgercetb ifama eda 10% nonees © 
azom sa0 : ci Aes seu(,t Bluo? .6 HI MAAL oe anv Gg? a 
inegenoo, F.edY tnoizeupe zvoy at gnazenog # Jede socds aek 
1sdmma stoeeyolgwe 20 soltsaub avataily.4nt genteel nes 
‘ Ti0e ¢ 
aa rr BeswrrW. aH. yay 
senogesi-eeob xe9nil 6 emuens way BL 40 eas 
noisetuh reewp 7 nets ,teey 30g S200 epszeve hay 
Speid? sense efd.o2 tuo Anow yilaeg_aege & ! 
fei? al «yee T eA otenveogte sepnol ted 420m | aA (- | 
to ateaad¢enom of? te aa0¢ Yllevdos, ew ,s20qe2 foonse as 
| | eta 
avil swode o2 gu paldd smea_eig_o9 Jus AnoM, yamt = er 
evel bre eael agnoned of eserogns sete to toc%te ais aan 
aide yd bectemetab ef sonsbieei add, sausoed Yignse gee 
wry SS pugdaa wit Bam \exuadgne’ 99283 eontm eats 


i 


ead ognt yaw att Gad ynaets ,sacb seab wal, in? 


| 1 a ie ae Pe 
pron 1 conch uommeiles saeere orm. oh 
Level sedi? od? 07..Lespkgaeqeza, |B! “e ; 
ad t ot io 


¢ : ' 
’ ‘ ; 0 
oo 


- 45 - Peto, in-ch 
A. (cont'd.) know. Presumably you've heard 
evidence in relation to that, but that's not a very easy question 
to answer. 
5 MR. LASKIN: Do you want to take a coffee break? 
DR. DUPRE: Counsel has suggested that we might 
pause for the usual ten minute coffee break. We'll rise then for 


about ten minutes. 


THE INQUIRY RECESSED 
Ci 2 Sa oa ee aot 
THE INQUIRY RESUMED 
DR. DUPRE: Proceed, please, counsel. 
MR. LASKIN: Thanks, Mr. Chairman. 
MR. LASKIN: Q. Okay... 
THE WITNESS: A. Am I supposed to carry on where 

8) I left off? 

Q. Sure. Why don't you carry on where you left 
oOnr 2 

A. Well, I suppose I should talk in more detail 
about the effects of duration and dose. I mean, this paper which 

20 deals with the risk to school children, associated with exposure 
from various agents... 

QO. «Tab .ten. 

A. Yes. 

Q. Can you just tell us how you came to do this 
paper and what the purpose of it was? 

25 A. Well, the EPA commissioned a report on asbestos 
in schools, which I was asked to review. It seems to me that it 
just grossly exaggerated the risks. I mean, it was...I don't 
know what's happened to it, I don't know whether it has been 
withdrawn or submitted, but I mean, it exaggerated the risk 

ma extraordinarily. 


It took dust measurements that were taken in 


Paris workshops, took the highest of them, took the building 
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A. (cont'd.) with the highest measurements and 
then took the highest measurements that were taken in that building 
with the highest measurements, and assumed that they were typical 
of American schools. And then proceeded to...in fact the 
epidemiology, some of the errors in the epidemiology went in the 
opposite direction, coincidentally, but nonetheless, I mean, the 
final estimates were higher than they ought to have been. 

So I just wrote this as sort of an outline of how 
techought 2t ought to be done. Yes, -thatis 2ts history. 

And it's...I suppose in relation to what I'm saying 
it's quite a useful document, because it simply sets out the 
models that I would recommend for dose and time relationships 
in relation to asbestos for both mesothelioma and lung cancer. 

The fact that it supposedly addresses the question 
of asbestos in schools is beside the point. I mean, the formulae 
are identical to the formulae that I think should be used in 
industrial control. You simply put different ages and durations 


and dust levels in, and you are talking about dust levels of one 


-Or two fibers rather than one or two thousandths of a fiber. 


QO, Can you then...can you, take us through ‘those 
formulae and what you've done...slowly? 

A. Well, we've already dealt with a good deal of it 
in relation to mesothelioma. I mean, in relation to mesothelioma 
if you go back to table one on page four of that report, where there 
is this table showing the assumed effect of different durations of 
exposure, the formula is that the incidence of mesothelioma, as 
I say, the incidence for mesothelioma is equal to some constant 
times the fiber level times a duration factor times Time to the 
three point five. 

In table one, I have fitted this highly specific 
model which leads to estimates of the duration factor, but in the 
paper I just said that the effect of being exposed for continuously 


rather than for ten years is to double the eventual risk, more or 
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A. (cont, dad.) less, and. sojthe curation: factor is 
Simply adjusted in that sort of way. 
You estimate this constant. The only thing you 
, 5; don't know there is the constant, and you estimate that constant 
from industrial surveys. 

So, for example, I mean, the example I used in 
here was American insulators. I mean, it has been estimated that 
they were exposed to somewhere in the region of fifteen or twenty 
or thirty fibers per ML, for something of the order of twenty 
10 years...I mean, a cumulative dose of something like the order of 
| perhaps three, four, five, six hundred fiber per c.c. years. 

Using that sort of figure and seeing the 
particular incidence of mesothelioma in that cohort at the 
particular time gives you an estimate of K, because you know 
everything else. 

Then I just used that constant to calculate the 
risks to children. 

It's interesting that the risks are actually 
very low. I mean the risks that...there is a table, table four 
j On page thirteen...there is a calculation of cumulative risk 

20| up to age eighty, where you are actually allowing for the fact 
that not everybody lives to be eighty. It turns out that something 
of the order of three hundred per hundred thousand people exposed 
from age to twelve for six years at one fiber would die of 
mesothelioma. 

Well, the asbestos levels inthe schools are usually 
a hundred, and...no, I think probably always a hundred, and 
usually very much more than a thousand times lower than one fiber 
per ML, so the lifelong risk would be at least a hundred, and 
probably more than a thousand times lower than that, which gives 
| you a risk which is likely to be less than one in ten to the five, 
which seems to me negligible. I wouldn't have thought that that 


: was worth spending as much money as you have put in. 
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Q. Could you 


a Age= 
just apply that formula just slowly, 


Peto, in-ch 


at least for my benefit, to the assumptions you have made to get 


table four? 


Aww Well, tt Ss actually @ Dit complicated. 


do you want me to go through 
Ose NO. tel. 
factor foricaliculating table 
A. Well, you 


Of six years exposure, which 


I mean, 
the whole of this paper? 

me this, where do you get your K 
four? 

are trying to calculate the effect 


is going to be...the actual formulae 


that you use are that...on page seven. 


Q. Page seven? 


A. On page seven. 


It says Mesothelioma Equation 


Nine, and the excess annual incidence - that's the cases per year - 


is K times years since first 
times the fiber level in the 
that is based on the data on 
three times ten to the minus 


one point eight times ten to 


exposure to the three and a half 
school. K...this is an estimate 
insulation workers...is one point 
ten for six years exposure, or 


the minus ten for ten years exposure. 


O. The K builds into £6 che duration factor? 


A. Yes. Well, the duration factor is one point 
three for six years, and one point eight for ten years. 

DR. UFFEN: That came from the insulation workers 
study? 

THE WITNESS: Yes, yes. 

DR. UFFEN: Yours? The one that in the table called 
Peto's... 

THE GWLINGOSt ano, NO. Lt S Sselakofi's. it's 


Selikoff's data. I mean, 


I've written a paper about it now, 


but I mean they are not my data really. 


DR. UFFEN: 


taken from the insulation workers, 


THE WITNESS: 
vary wildly. 
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Again, why would you have used the K 


rather than from something else? 


The estimates of risk don't in: fact 


I mean, your estimates of risk don't vary by 
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THE WITNESS: (cont'd.) an order of magnitude 
between different studies. I mean there aren't... 

DR.4UPEEN: . By_a factor of twovor three? 

THE WITNESS: Yes, that sort of thing. And you 
presumably have already looked at the relationship between... 

DR. UFFEN: Over the coffee break I tried to make 
an extrapolation back towards the origin for those Los Angeles 
unexposed workers, and I didn't take it back to age six. I took 
it back to age zero. I guess I got a figure of seven, instead of 
a figure of three or four that's in your table. Does that sound 
unreasonable? 

THE WITNESS: I don't understand. I'm not sure 
what you mean. 

DR. UFFEN: Okay. I guess I would interrupt 
EhHings too muchetorutry to explain. 

THE WITNESS: Which graph? 

DR. UFFEN: Well, the one in the schools report 
which has both the insulation workers on it and the Los Angeles 
population. 

THE WITNESS: Well, you can't extrapolate back 
to age nought. 

DR. UFFEN: Can you get a value of K corresponding 
to the Los Angeles workers? 

THE WITNESS: Yes. I mean, that's in the table 
in the other paper. I mean, it's four times ten to the minus 
eight, and the incidence in the Los Angeles workers is... 

DR. UFFEN: Yes. Now, why wouldn't you have used 
the Los Angeles people instead of the insulation workers when you 
work out an example for children? 

THE WITNESS: No, no. That curve is the 
incidence of mesothelioma for people who were never exposed to 
asbestos, and that's the background incidence of mesothelioma - 


that lowerline. I mean, the assumption is, I mean it's 
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THE WITNESS: (contd.) conceivable that it's caused 
by ambient asbestos exposure. 

I would suspect not, but I mean that's, you know, 
that can't be resolved and put in with the work... 

DR. UFFEN: Let me put it another way, then. 

You could work it out with several different 
examples, presumably, where you take a K from any number of 
different studies. Some examples are in table four that we 
talked about earlier. 

THE WITNESS: Yes. Yes, that's right. 

The thing is that most of those studies don't 
have dust levels associated with them. I mean, if you want to 
make an extrapolation of the effects of asbestos in schools, or 
anywhere else for that matter, you've got to be able to relate 
the excess mortality to measured dust level. 

Now, the only one of those studies that have 
estimates of dust levels at all are, in fact, the American 
insulation workers, and that's a very dubious estimate. I mean, 
it was made...I mean Nicholson suddenly, about four or five years 
ago, said that the dust levels were ten to fifteen fibers per ML, 
but it was never quite clear where the estimates came from. 

In fact, our factory of Rochdale, there are 
estimates of those, as you may know. I mean, they have been 
revised. 

But, I mean, those are the only studies in that 
table where there were estimates of dust level at all. 

DR. UFFEN: Would that be the reason why you would 
choose that? 

THE WITNESS: Yes. The only possible way to proceed 
is to look at the excess in industrial workers where you've got 
measured dust levels, and then assume some model of this sort. 

I mean, you know, you use them to estimate the 
constant in the equation, and then apply that to the effects of, 
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THE WITNESS: (cont'd.) you know, I mean, one fiber 
or half a fiber or whatever, to industrial controlling, anda 
hundredth of a fiber or a thousandth of a fiber if you are 
interested in the effects of asbestos in schools. 

MR.. LASKIN:....0,. Your, calculation, of,syour, K, figure, 
as I take it, from what appears on page six of this paper, that's 
how you arrived at the K figure that you put into that equation? 
Is that right? wwustysoethat.I"mclear forthe, record. 

THE WITNESS: A. Wes. That's right. That's 
Avs <ves, that’ si tight. 

Yes, their incidence of mesothelioma is three times 
ten to the minus three per year, thirty years after first exposure. 
So you just put that into the equation, and that gives you an 
estimate of K. 

DR. UFFEN: Counsel, I hope you don't mind my 
EVEN tO, . - 

MR LASK ON tag NO DOT wad a Lil. 

DR. UFFEN: On page three of your school study, 


towards the bottom of the page it explains there about the 


constant K, and it introduces a term 'the duration adjustment 
PActorn'.. 

THEO WLINESSeee eS .kulnat..s the, factor that comes 
in the table on the following page. I mean, if you assume that 
particular model, you find although effect obviously increases 
with increasing duration, it doesn't increase in proportion to 
the duration. So the purpose of that table is to get some idea 
of what, it is. 

DR. UFFEN: For the example to work out for the 
school children... 

THEUWIINESS «... Lius. nought. point, five for six years, 
and nought point seven for ten years, and one for continuous 
exposure. I mean, that's the... 


DR. UFFEN: So you use nought point five for... 
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THE WITNESS: For six years. It appears that 
six years exposure would have roughly half the lifelong risk 
of...something of the order of half the lifelong risk of continuous 

5 exposure. 

There is also an adjustment for the fact that 
children don't work as long as grownups, because they don't spend 
eight hours a day, forty-eight weeks a year at school. 

MR. UASKIN= ~QO. Can we’ go to the lung cancer. .°? 

THE WITNESS: A. Yes. 

¥ I don't know. I mean, is everybody reasonably 
Meppy Chis 7 aren et mean,) Ll can © Obvaouely sort oOLotake it) all 
in detail immediately, but I think what I have done is spelled it 
out in some detail in these various things that have been 
distributed today. 

15 For lung cancer, the effect seems to be...is very 
different. Remember this formula for lung cancer...I'm going to 
do asbestos as the effect of lung cancer incidence in nonsmokers 
and lung cancer incidence in smokers. Although that is 

-analogous to the mesothelioma pattern produced by asbestos, 
the effect of asbestos in relation to lung cancer and smoking 

20/ seems to be quite different. 

Roughly speaking, whatever your lung cancer rate 
would be for the nonsmoker...this is your lung cancer rate, if 
you are smoking this is your lung cancer rate...it seems that 
asbestos simply multiplies it. So in fact you can write down 
the formula very simply. I mean, the formula for lung cancer 

i rates in people exposed to asbestos is simply exactly the same 
formula with one plus an asbestos effect. So if there was no 
asbestos effect, there would just be one. That would give you 
the ordinary rate when people aren't exposed to asbestos. 

| What's more, it seems to be the same whether you 

30 are a smoker or a nonsmoker. This is the relative risk for that. 


) So you have exactly the same incidence of lung cancer for 
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A. (cont'd.) people exposed to asbestos. It seems 
to be exactly the same as for people who aren't exposed to asbestos, 
at a particular age, so on and so forth, simply multiplied by a 
constant. 

So, I mean, that's just another way of saying that 

the relative risk for lung cancer...the relative risk is just 
equal to one plus some constant times the cumulative dose. 
So this is a much easier formula than...it's much easier than the 
mesothelioma situation because cumulative dose is just duration 
times level of exposure. All you do is estimate K, one plus some 
constant, times duration, times average dust level. 

Now, this is a model which has really been...I think 
it's fairly generally accepted now, and there are actually quite 
SG OL data torsupport 1. 

The sort of patterns of relative risk that you 
see in asbestos workers are these, and these are relative risks... 
this is in fact the amosite factory that Seidman and Selikoff 
studied, and it's an interesting example because the exposure 
was intense and brief, and the relative risk shot up really quite 
quickly, and then stayed at the same level. It's interesting, 
it's generally believed that the relative risk goes up slowly 
when people are exposed to asbestos, for lung cancer, and I'm 
not sure that that's true. ; 

I think the reason it goes up slowly may be because 
most people are exposed to relatively low levels over long periods, 
and in fact in this case, certainly, where the exposure was 
heavy and brief, the relative risk was really quite high early on. 

The data on the insulators... 

MR. LASKIN: Can we just record that slide, for 
the record, as slide number... 

THE WITNESS: Well, I don't know whether you want to.. 
you've got that paper by Bill Nicholson, the paper that went to 
Helsinki, but that's taken from that, that's one of the figures 


in his paper. 
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MR. LASKIN: All right. We do have that paper. 

THE WITNESS: But it's one of the figures in his 
paper, and so is this, in facts This is aleo lone that appears .in 
his paper. This is the relative risk for lung cancer in the 
insulation workers. 

Now, this doesn't follow such a beautiful pattern, 
but I think that the reason it doesn't follow such a nice pattern 
is first of all because they were exposed not as intensely for a 
long time, and so this period when the relative risk was going up 
was also a period when they were accumulating dose. 

So according to this formula, if the relative risk 
just goes up...stops at one and then just goes up in proportion 
to cumulative dose, you would expect a straight line starting at 
one, as long as you go on exposure. It's going up like that. 

So I think the fact that it increases in this way, 
while in a group continuously exposed, is what you would expect 
according tonthat rormula. 

The fact that.it falis,at the end is difficult 
to interpret, because these were so extraordinary and this was 
a population where they got a relative risk of six for lung 
cancer and a very high incidence of mesothelioma, a very high 
death rate from asbestosis, which would kill both the people 
most heavily exposed within the cohort...there's obviously some 
heterogeneity...and the smokers. So I think you would actually 
expect to see an eventual fall inthe relative risk. So I don't 
think you can claim that this formula is well enough established 
to found profound scientific theories on it. I think perhaps 
it's a reasonable summary of the available data, that in fact 
if the dose were lower then you weren't actually wiping out 
all the heavily exposed people and the smokers. 

But you would have seen a pattern which went 
more like that, and then stayed more or less constant. So 


that's the basis of this assumption. 
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THE WITNESS: (cont'd.) The other basis, of course, 
is the direct plots of...sorry, this is lung cancer in asbestos 
workers, at the top of the slide...these are plots of cumulative 
dose against relative risk for lung cancer, which I expect you've 
seen before. 

These are actually figures taken from that paper 
that I wrote in the last of 1978. I've just put here that at 
that time nobody lWlieved that the dose response was linear. It 
seems to be more generally accepted now. 

When these data were originally published, both 
Enterline and McDonald said that because there wasn't a 
Significant excess there, there was the same threshold in terms 
of fibers, in terms of million particle per cube foot years, 
they both did say that to me. 

So there seems to be a fairly good straight 
line relationship between relative risk starting at one and 
going up, and cumulative dose. 

So, I mean, all these data are consistent with 
this sort of fairly simple notion. 

So it seems a reasonable basis for calculation. 

Curiously, nobody has ever, until that paper, 
until that recent paper by Bill Nicholson, nobody has ever looked 
in detail at what actually happened to people exposed at 
different ages. They support it as well. These are Selikoff's 
data again, and as you look at the ratio of observed to expected 
for lung cancer in smokers...ignore the nonsmokers for the time 
being...in smokers...then in fact the people first exposed at 
age twenty, the relative risk is about six. 

For people exposed first at age thirty, it 
averages about six. For people first exposed at age forty, is 
an average of about four. But, I mean, it certainly isn't 
changing grossly with age at first exposure, and the assumption 


that it is more or less constant seems a reasonable approximation. 
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THE WITNESS: (cont'd.) This makes another 
interesting point, which is in relation to what happens to 
nonsmokers. 

The expected numbers in this table are calculated 
as smoking specific, so these are expected numbers of lung cancers 
among smokers. The data for nonsmokers give expected numbers of 
lung cancers among nonsmokers, and the numbers are too small to 
look in detail at different ages, but you can see there is no 
ip evidence of a change. 

The overall relative risk is six, exactly the 
same as the risk for smokers, so the effect of exposure seems 
to be...the relative risk seems to be independent of age and 
independent of smoking. The risk is therefore ten or twenty 
times bigger in smokers, because their lung cancer rate is 

15 ten or twenty times bigger. 

It's quite interesting to put these lists together 
with what I was saying before about mesothelioma, because the 
risk for mesothelioma starts going up from the time of first 
exposure. The risk is enormous if you were exposed when you 

were young and very small if you were exposed when you were old. 
~ These are the actual numbers of cases, without any model fitting 
| here. These are the actual number of cases in this cohort of 
lung cancer and mesothelioma for smokers and nonsmokers first 
, exposed at different ages. 
It's quite interesting compared to what the 
| 25 ratios are. There is an excess here of two or three lung cancers, 
and fifteen mesotheliomas, in people exposed...nonsmokers 
exposed when they are young, and they will be the workers of the 
| future, one hopes. In this cell, there are more or less six 
times as many mesotheliomas as excess lung cancers, so mesothelioma 
is by far the most important cause of death in people who don't 
30 smoke and who are exposed when they are young. 


In this cell, where you are exposed when you are 
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THE WITNESS: (cont'd.) exposed when you are oud, 
and you are a smoker, there is an excess of about forty=five 
mesotheliomas... forty-five lung cancers, rather...to eleven 
mesotheliomas. 

So the ratio of excess lung cancer to mesothelioma 
varies as you change from smokers to nonsmokers and go from 
people exposed when they are young to people exposed when they 
were old, from six mesotheliomas to one lung cancer here, and 
to four lung cancers to one mesothelioma there. So there isa 
ty factor of twenty-five and a very different pattern. 

Here lung cancer is the main problem, and here the 
major problem is mesothelioma. So you can see how..-.I mean this 
is rather direct evidence that these models are important, and 
you have to take this into account when you are deciding to 
legislate for them. 

Of course, extrapolating this backwards for 
children, you will see in that schools thing that in fact the 
children who smoke, who go on to smoke, I mean, the Task<tor 
. lung cancer and mesothelioma are more or less the same. For 
children who don't smoke, the lung cancer risk is completely 
20 negligible because of the mesothelioma risk. 

So this is sort of direct evidence, you know, 

I mean supports these models really rather precisely. 

yes, I mean Selikoff's data are going to show 
the same thing. These are more or less what I've already 
shown. These are people first exposed at different ages, sort 
of twenty, thirty, forty, and these are lung cancer rates. 
This is restricted to smokers now, so they are not identical 
to that graph I showed you before. That's the cumulative risk 
of lung cancer plotted against years since first exposure to 
asbestos, and you see the extraordinary difference. Because 
the lung cancer rate is high in people aged sixty, which is 


twenty years after first exposure to asbestos, people who were 
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THE WITNESS: (cont'd.) aged forty at first 
exposure, so age sixty at this point on the graph, their lung 
cancer rate is already high, and the asbestos exposure multiplies 

5 it, so they have a very large risk fairly soon. 

Whereas the people who are younger at first 
exposure, all so young at a given point on this graph, have much 
lower lung cancer risks. 

So you get very big differences thirty years after 
first exposure, inthe lung cancer risk, and people who were 

= exposed when they were young rather than old. 

Nonsmokers have a negligible risk, which goes 
back to smoking, asbestos multiplied. 

For mesothelioma, there is no difference whatever 
between people exposed...people at different ages at first 
exposure...or between smokers and nonsmokers. 

So again, those are data, the actual data is 
quite straightforward. 

DR. DUPRE: Where do the last two slides come 
from? 

THE WITNESS: These are not published. In 

20 fact, I've put them inadirty brown envelope in... 

MR. LASKIN: I think what I'll do is... 

THE WITNESS: I can continue on and show you 
Selikoff's signature on those. 

MR. LASKIN: What I will do is arrange to have 
them photocopied after, and distributed. I think that's the 

e easiest thing, and I think we'll be able to work out what 
Mr. Peto was referring to there, rather than interrupt him. 

THE WITNESS: I think this is a very 
interesting slide. It makes the pdintes-again,;' it?s all very 
well with these models...but to make the point directly, that 
is a ratio of six-to-one and one-to-six in the actual crude 


numbers. It's quite interesting. 
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= SO Peto, in-ch 
DR. MUSTARD: Can I ask a question? Just leave 
| that. On. 
THE WITNESS: Yes. 
! 5 DR. MUSTARD: Could you explain to me why...I 
guess we are dealing with different numbers of people in those 
: two groups, the smokers and nonsmokers? That is the observed 
mesotheliomas at fifteen in the nonsmokers and ninety-nine in 
the smokers? You.didn't look... 
THE WITNESS: We looked at three or four, probably 
10 four times as many smokers as nonsmokers. 
DRasMUSTARD: IT ujust want to make it...that"s 
the explanation for it, because all the other ones we've had is 
that smoking does not influence mesotheliomas. 
THE WITNESS: It didn't in these data. 
DR. MUSTARD: Okay. It's just the cohort size? 
THE WITNESS: Yes. 
It may be of some interest to mention that in fact 


15 


this is a graph of lung cancer rates in sort of young, middleaged 
people, against cigarette smoking, in 1950. It is generally 
/ believed that lung cancer rates are much lower in both America 


20 and Canada than they are in Britain, and the thing about this 


qruapn is that iteshows that stpieein fact sien t the case. I[t 
is true of older people, but then your cigarette consumption was 
much lower than ours before the war. Since the war you have 
caught up with us, and in fact in America, at least, you have 


now overtaken us. 


A if yvoujput thezgraph of Tung cancer rates at age 
forty in 1975, you get a cigarette consumption per capita in 1950, 
you find that America now has the highest lung cancer rates in 
the world, and the highest cigarette consumption in the world, 
| and this was in 1950, and the rates are still going up rapidly 
30 in older people. 


| There is England, and there is Canada, more or less 
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THE: WETNESS: (cont'd. wexthto vit. iSo-sI- mean, 
the projections in these various things, I mean sometimes these 
English rates, and sometimes the American rates, and so on and 
so forth, but I mean, it may not be true now, but it will in 
the future be true that something of the order of ten percent 
of Canadians and Americans will die of lung cancer, as is 
presently true of British men. 

I don't know if this is worth mentioning 
particularly, but there is a certain confusion because incidence 
rates and prevalence and cumulative risk and lifelong risk, 
and so on and so forth, and I don't know whether I ought to 
just explain what is going on. 

In the case of mesothelioma, if you take the 
example of people born in 1900, and first exposed to asbestos 
at age twenty in 1920, or at age forty in 1940, or at age sixty 
in 1960, someone first exposed at the age of twenty has an 
incidence that goes up as time since 1920 to the three and a half, 
so I mean that line ouleane something like that, and his 
incidence curve would go up like that, and that would be time 
Since 1920 to the power of three and a half. That would be 
the incidence curve for mesothelioma. 

Now, not everybody lives forever, and this is a 
Survival...an average American born in 1900. So to work out 
how many mesothelioma deaths you are actually going to get, you 
multiply that incidence curve by the probability of survival. 

So in fact the risk is extremely high by the 
time you get to age eighty. Your chance of being there is 
drastically reduced, and so the actual numbers of cases 
occurring at age eighty, in that group, would be lower than the 
number of cases occurring at age seventy. 

The total risk is the area under that curve, 
the total risk of mesothelioma when you were first exposed at 


age twenty. 
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THE WITNESS: (cont'd.) If you were first exposed 
at age forty, you have exactly the same incidence curve. The 
incidence curve is identical, but you are immediately multiplying 
it by a very quickly falling survival curve, and so the actual 
numbers of cases and therefore the risk, which is the incidence 
under that curve, again is much lower. If you were first exposed 
at age sixty, then the risk is negligible because you would die 
before you had time to get the disease. You would die of something 
else first. 

So in one of the tables there is a calculation 
of lifelong risk. Lifelong risk is the area underneath these 
curves, and of course from a legislative point of view it's the 
most important thing. That is actually what matters. It's not 
the fact that the cumulative risks in the mesothelioma paper 
are independent of age - it's neitherhere nor there. 

I mean, the lifelong risk is negligible if you 
are exposed when you are old, and this calculation of multiplying 
incidence rates by survival curves is what it's based on. I 
think it's quite important that in fact predictions should be based 
on lifelong risks in that way, because that's obviously what is 
important. So that's purely academic interest, the effect of 
mesothelioma is the same at age of sixty as it is at age twenty. 

On the relation of ditferent, kinds of fiber, it 
has been said that there are gross differences between different 
studies in the mesothelioma incidence, and as I said earlier, it 
was pointed out in the English report that said that only eleven 
mesotheliomas out of eleven thousand Canadian chrysotile miners 
was possibly very high. 

On this slide is a comparison between numbers of 
mesotheliomas and the excess of lung cancer. These are observed 
and expected numbers of lung and pleural mesotheliomas together. 

The ratio, in fact, doesn't vary very much in 


different studies. In the Canadian chrysotile miners, for example, 
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THE WITNESS: (cont'd.) which are the basis of 
the assertion...the only basis, I think, for the assertion that 
chrysotile doesn't cause mesothelioma...the ratio was eleven 
out of a total excess of forty-six, so they constituted 
twenty-four percent of the excess of respiratory cancer. 

In Herb Seidman's amosite factory, I mean, one 
of the, you know, best established of the agents that cause 
mesothelioma is sixteen per hundred - seventeen percent was 
the ratio - slightly lower, in fact, than in the chrysotile mines. 

In insulation workers, it was a hundred and 
seventy-five mesotheliomas out of an excess of four hundred and 
thirty. So they constituted forty-one percent of the excess. 

But in fact, only sixty-three of those are 
pleural, so if you look at the incidence of pleural mesothelioma, 
which is in fact what these figures are about, to the excess 
lung cancer, that figure would be about twenty percent, and it 
would be slightly lower than the excess in the chrysotile mines. 

The crocidolite mine is an interesting example. 
This was cited in a paper that McDonald...which you may have 
seen...a paper which McDonald presented at the recent meeting 
in Coldspring Harbour, when he said that there was a fai larger 
excess of mesothelioma than of lung cancer. 

In fact, in the paper that was originally 
presented to the Lyon meeting, there was a division of that 
cohort into migrant and nonmigrant workers. The migrant 
workers had completely ridiculous results. They had no excess 
of lung cancer and gross deficiencies in deaths from all other 
causes, and a very large number of mesotheliomas. 

What it seems is happening is that first of all 
the followup was poor, and secondly, the mesotheliomas were being 
picked up anecdotally and clinically, and included in the paper. 

If you confine the analysis for the sort of 


normal Caucasian population who were properly followed up, that 
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THE WITNESS: (cont'd.) study falls absolutely 
in line with all the others, with nine mesotheliomas out of a 
total excess of respiratory cancer of twenty-seven, giving 
thirty-three percent being due to mesothelioma. 

So the idea that there are gross differences 
between different fiber types in their carcinogenic effect 
really doesn't seem to be supported by the data. 

There is one exception to this, and I don't know 
how to explain it. It's a paper by Rossiter in the Lyon meeting, 
where there was no excess of lung cancer at all, and thirty-one 
mesotheliomas. I suspect that the same thing may have happened 
and in fact mesotheliomas were identified anecdotally. But I 
don't know. 

But as far as I know, that's the only exception. 

MR. LASKIN: Q. What about the paper by Dement? 

THE WITNESS: A. Well, yes. 

Q. I understand it only has one mesothelioma. 

A. “Well, “of course; “Ivdon*e Know what'the total 


.excess of lung cancer is. What is the excess of lung cancer in 


that paper? Has anybody got the data there? 

There is a total excess of eighteen. 

First of all, this obviously varies to some 
extent with duration of followup. I mean, when you look at 
the graphs I just showed, particularly older workers, you get 
quite a sharp increase in the excess of lung cancer. Whereas 
the mesothelioma risk doesn't begin to go up for slightly longer. 
So if you had a rather short followup, this ratio doesn't...I 
mean, I've already pointed out that the’ ratio of lung cancer to 
mesothelioma can vary from six-to-one to one-to-six. So it 
isn't...I'm not certain that this is a sufficient way of doing 
the calculation, saying that there is a sort of crude rule of 
thumb. It really indicates very little difference between the 


two cohorts. 
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THE WITNESS: (cont'd.) I mean, let's suppose 
that twenty percent of them were supposed to be mesotheliomas. 
You would expect something of the order of four. So if you've 

5 got one, and you expected four, it really isn't a particularly 
staggering exception. 

Because the paper by Rossiter was a gross 
exception. There were thirty-one mesotheliomas and apparently 
no excess for lung cancer at all, and I suspect that there must 
be some artifactual reason for that. 

by DUtbink, this is an, importante point... Ti dontt know 
if anybody has any particular questions in relation to it, but 

I mean...I think there are some well known facts about asbestos 
which are simply sort of taken as false and are really not 
Supported by any decent evidence at all. This is one of them. 
15 This is a very simple basis for calculation. 

I mean, if you assume that the relative risk for lung cancer is 


equal to one plus some constant times duration times average 


dust level, then any cohort in which you have observed a 
substantial relative risk, in which you estimate this constant, 
then you can simply applythe same calculation to other groups. 

20 It implies that age at first exposure makes no 
difference whatever to the risk, because if this relationship is 
true, then the normal lung cancer risk, the normal incidence of 
lung cancer, whether you are a smoker or a nonsmoker, goes up 
sharply with age in that sort of way. The relationship may not 
be exactly the same, but you get this sort of pattern of 
increasing risk. 
Let's suppose that you've doubled it. Let's 
| suppose that this multiplies together to one, so the overall 
relative risk is two. You've got one plus one, you've calculated 

| the risk. 

30 Then the effect of asbestos exposure...say you 


| were first exposed at age twenty or forty or sixty, the great 
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THE WITNESS: (cont'd.) majority of lung cancer 

deaths occur after age fifty, and I think more than half of them 

occur after age sixty. So even if you are exposed first quite late 
5 in life, if the effect of asbestos exposure is to bump this curve 

up in that sort of way, and then to run on at double that level, 

then your risk will be doubled throughout the part of your life 

when all the lung cancers occur, and so the difference between 


being first exposed at age forty, which would produce this factor 


of risk rather than this...this is the risk in an unexposed person... 


10 e 
unexposed smoker or nonsmoker...as I say, the effect 1s the same, 


that the risk is doubled. I mean, the nonsmokers' risk may be 
low, you draw the same graph with a different vertical axis, 
but the pattern is the same. 
The effect of asbestos exposure at age forty 
15 Hs ito doublesthe »risk sin-that «esort.of pattern. If you were first 
exposed at age twenty, you double it in this sort of pattern, so 
the only difference between being first exposed at age twenty 
Grpftorty eer nought for that matter, is this tiny little bit 
here, which is negligible. 
So for practical purposes, you can calculate what 
20 the lifelong risk of lung cancer associated with a particular 
exposure is, by simply seeing what proportion of the population 
die of lung cancer. If you double the relative risk, that's 
the proportion that are caused by asbestos, and if you have a 
cohort in which the relative risk is two, as ten percent of 
Englishmen die of lung cancer, then the relative risk of two 
for lung cancer among asbestos workers means that ten percent 
of those asbestos workers get killed by it. If half a percent 
of nonsmokers die of lung cancer, the re.utive risk of two means 
that a half a percent of asbestos workers who don't smoke will 
| be killed. by it. 
30 MR. LASKIN: Q. Does latency have any affect 


on all this? 
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THE WITNESS: A. Latency is...I mean, latency is 
a completely sterile concept. It doesn't really arise, and the 
incidence pattern follows these relationships, and obviously 
because they tend to go up sharply with time, most of the deaths 
occur late. 

But latency is a completely unhelpful concept. 
I mean, there is no such thing really. I mean, there's obviously 
two or three years between the existence of the cancer and its 
diagnosis, but that's not normally what is meant by latency. 

The reason you don't see mesotheliomas within 
five years of first exposure is because the risk is so low within 
five years after first exposure. If you exposed a million people 
to massive doses of asbestos, I'm sure you would do. 

DR. UFFEN: Does your comment also apply to 
quite low exposures in schools, for example? 

THE WITNESS: Oh, yes. I, mean, I think that 
both from the data that you have and theoretically, you would 
expect these... 

DR. UFFEN: For the slow-witted among us, like me, 
would you just go through this for three ages - an elementary 
school child, a secondary school student and a university student 
where the ages are twenty-off? 

THE WITNESS: Well for lung cancer it makes no 
difference, because I mean, you...I must say, actually, the 
thing about lung cancer is that therwaren't any data on people 
who were expose® to asbestos before they started to smoke. 

So it's conceivable that the effect of exposure when you were 
young is very much higher. 

I mean, if you've got a lung cancer process which 
starts when smoking starts, and you know that asbestos initiates 
the mesothelioma process, it's conceivable that it initiates 
the lung cancer process and that in fact this would be 


proportionately higher in people exposed as children. 
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THE WITNESS: (cont'd.) Yes, I mean I can't 
really comment on that. I mean, I doubt Tiere s true, but 
I mean I don't...there really aren't any data that have been 

5 able to answer the question. 

DR.UFFEN: We've been pushing it too hard to try 
to start making that kind of calculation then? 

THE WITNESS: No. What sort of calculation? I 
mean with this model, the calculation is simply that that's 
what the lung cancer rate would have been if you were exposed 

Be when you were forty. It goes like that. If you were exposed 

when you were twenty, it goes like that. If you were exposed 

when you were nought, it's undetectable anyway at that stage, 

and so you will simply follow this up the curve at a given level 

of exposure. So...I mean for a given total dose it is 

15 completely irrelevant what age you were first exposed at.» You 
simply seem to be just multiplying the normal incidence pattern 
by this factor, and if you are exposed for twice as long, the 
increase in risk would be twice as high. If you are exposed 
to twice the dose, the increase in risk would be twice as high. 
But the actual pattern would be exactly the same, and that's 

20 why latency is such nonsense. Because the age distribution is 
the same. 

This pattern determines the average age at whch 
you die, unless the risk becomes so high that nobody survives 
to old age. As long as you are talking about relatively low 
doses, the average age of death from lung cancer in nonsmokers, 
for example, : ‘ower than in smokers, and the average age of 
death from luna cancer in asbestos workers who smoke tends 
to be older than in nonasbestos workers. The effect of exposure 
in fact is to increase latency, rather than to reduce it. 

So I've explained that. It's worth explaining 

30 because it's something that is very...it really isn't understood, 


but it seems sort of intuitively obvious that you'll get 


(6/76) 7540-1171 


> 
; : 
a aed = 
—e SA 


5 eh oe 


ia iA a i mk 


Wane 


a (ees ani. 
tl ih ne » sel a 
tS i A 


1 Bo: 


miciny ie ; 
rt sd tA ob tasem Z 


5S 
"eon nat ih 


ete 
sao 


ss aan 


Rents oiaw oat +h ned eved: Sg . | a lo an # 

beaogie B xe te $x | tent exit ao0p ar, a Gt202 stew wey. rast " 
besoqxe ate be ¢ a -tedt eal, Be0e yea iia: Slade . 

epsse Jedd +e yewya eldssoe2sba a! ti , Fhe ft 

level navio « 28 9VZU5 ad? gt aln3 wail ; 

at’ 3i o80b 6309 aevip 6 tot asom. Sere ta 32 

voY ta Beengxs gerd ete voy 708 aadw dnavatoase. . 


miajiaq spaebioa! lemon eit patylqistom 
ony .prol a8 eokwt x6? beeogxe diced wor Eh 
besoqze sts poy Il. .apid es astwy sd blupw He 
eid es eoiwi ed bloow deiz ai mp 
@' jak? bre ,omed ald \itosxe ed Slvow 3 
el noisudizseib ove oAd hip ‘ 


Oe Pi’ 


dovlw Je ope epsisva sofa eonttorresed axed 369 
seviviye ybodon sais Apid of nemaned Sats . 
wol vfevitele: dveda paitfes 214 voy 4 
‘exedomanog at zeo08> put mow’, dgeeb 33.00 
to eps epateve aft ‘Soe ‘ereiomg at a 

ebdet edome ow e1adx0w 
eivecgxe Fo Joe2te ed? _.predzaw ‘ 
.3} aoubex of! aipdy z0ed3 
 paliainidxe sow a 
bootazeBay 3 "hid yeh 
499 i eiey 3 


- 68 - Peto, in-ch 
THE WITNESS: (cont'd.) something earlier if 
the risk is greater, which isn't the case, in fact, at all. 
For a start, the data on lung cancer in smokers 
5 and nonsmokers, it's immediately obvious from the graph that I 
showed earlier. I mean, the risk goes up as the fourth power of 
age in nonsmokers, and more steeply in smokers. So the relative 
risk for smoking is about four when you are thirty. This is 
nonsmokers - nonsmokers and smokers - this is lung cancer 
observed, and this is incidence. 
pe The risk goes up increasingly steeply if you are 
a smoker, as you get older. So it's obvious that the weight of 
deaths would occur in old age rather than in youth, with the 
average age of death of smokers from lung cancer would actually 
be older than the average of death of nonsmokers from lung cancer. 
15 This was true directly in our study in Los 
Angeles...in fact, I've got the data here somewhere...in the 
actual age distribution of the unexposed mesotheliomas for 
exactly the same reason, because they follow the same pattern. 
The young ones are predominantly unexposed. 
I mean, I think there were no asbestos workers who got 
20 mesotheliomas before the age of forty or forty-five, whereas 
there were one or two unexposed people. 
If the effect of asbestos exposure is to increase 
this yet again...so you are going up because you are a smoker, 
and then you were exposed to asbestos at age thirty or forty... 
then your lung cancer curve is going to be bumped up again, 
oy and this will weight the curve towards older ages. So the 
average age at which these deaths occur, these deaths in smoking 
asbestos workers, will be slightly higher than the average 
age at which these deaths occur in smokers who aren't exposed 
to asbestos, which willinturn be higher than the average age at 
30 which they had lung cancer deaths in nonsmokers occur. So the 
effect of...as you add exposure, the effect is to actually increase 
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THE WITNESS: (cont'd.) the latency, to increase 
the average age of death. 

So the idea that you should do a correlation of 

5 the sort that Liddell did in the Lyon meeting, between the time 

from first exposure to death from lung cancer, and expect it to 
be correlated with dose, is ridiculous. I mean, it's a question 
which is...and latency, as I say, in fact has no meaning and 
tends to go not in the direction of the way that most people think. 

DR. UFFEN: I may have missed it, on your graph 


re you plotted lung cancer incidence against...you don't label it 
there. 
THE WITNESS: Sorry. 
DR. UFFEN: It's gone now. 
THE (WLTINESS ¢ hel' ll draw titeagain pebut <I mean 
== really it is misunderstood this, and I mean it's misunderstood 


by some statisticians, actually. 
I suppose probably the easiest way is to actually 
sort of write numbers down. I mean, let's suppose...just to 
_ Simplify things...you say you've got nonsmokers, you've got 
smokers without asbestos exposure, and you've got smoking 
20 asbestos workers. Let's take sort of age groups in the forty 
to tforty-nineseandefpityatoefifty]enine;), andesixty-to-sixty-nine, 
and seventy to seventy-nine, and let's suppose you've got a 
thousand of each. 
sow, let's suppose that the incidence here is 
going to go up «6 the fourth power of age, so I don't want to 
Sy get into a lot © complicated arithmetic, what I'm basically 
saying is, let's suppose that there is one death there and 
three there, and sort of five there and seven there, lung 
cancer deaths among these thousand nonsmokers. 
Now, in smokers you know that it's going to go up 
39} more steeply. The relative risk of smoking increases as you get 


older. I mean, it's about...it's of the order of eight at age 
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THE« WITNESS?» (cont"d.)) “forty, and it's of the 
Order of ten, so there would be about thirty there, and sort of 


the order of fifteen, I suppose. We'll have to have more than 


5 a thousand people, because we'll run out of people to die ina 
minute. 

At the order of fifteen at that sort of age range, 
and it gets to be twenty or more here. Perhaps we had better 
make it ten thousand people. 

3 If you were exposed to asbestos around about the 


age of thirty, say, then your relative risk of lung cancer won't 
gO up initially...particularly if you were exposed continuously. 
Then it would go up a bit by the time you are here...the relative 
risk is one here...and then let's say it's one point five by the 
time you get to here, and then by the time you get to this range 

15 it has doubled - a hundred and fifty and then two hundred and 
eighty. 

Then it is immediately clear that the average of 
these numbers is going to be lower than the average of these 

- numbers, which is going to be lower than the average of these 

numbers, the ages at which the deaths occur. 

20 Is it okay? I mean, eventually you will get a 
situation where the exposure is so high that it actually kills 
people off, and then you'll start to actually lose the deaths 
at the top end, and then of course you will actually get a 
reduction in latency, so you have two competing effects, neither 
ae of which you have particular interest in. 

i mean, it's an unhelpful concept and it's 
completely...it isn't worth analyzing. ' The proper way to look 
at all these things is in terms of incidence rates which are, 

I mean, easy. I mean, they are independent of each other in 
successive areas, and they've got some scientific meaning. 

30 i don} & wantCecosdositenow,, but sf youriactualkys do 
compute the average ages of deaths there, you will find that they 
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THE WITNESS: (cont'd.) are actually higher here, 
than here and here. So the... 

MR. LASKIN: Q. Because of the multiplier effect? 

5 THE, WITNESS :-):A. » Sorry? 

Q. Because of the multiplier effect? 

A. It's because the relative risk increases with 
age in both cases, so the preponderance of deaths occur in old age... 
the preponderance of excess deaths particularly. 


So that...I don't know what the numbers actually 


10| are...but perhaps you are going to have the average age of death 
something of the order of sort of sixty here, the average age of 
death. 
It doesn't change enormously, but I mean something 
of the order of perhaps sixty here, and perhaps about sixty-five 
ee here, and perhaps seventy here. That sort of thing. 


But most people would prefer to have sixteen 
lung cancer deaths with an average age of sixty, than five 
hundred with an average age of seventy. 

ts Chat okay; ah meal mit tsaet...it isn't okay? 

DR. UFFEN: Your last comment depends on whether 

20 you are sixty or seventy. 

DR. DUPRE: I just want to ask you this, Mr. 

Peto, one thing that I have been taught should always be borne 
in mind when one is looking at any epidemiological study is that 
it takes no account whatsoever of age at death. You know, ten 
deaths at age seventy or ten deaths at age fifty, basically 

2 simply show up respectively as ten deaths in a lot of studies. 

Nit j0G%% 

THE WITNESS: In fact it happens that the age of 
death is almost always the same, whatever happens. I mean, 
whatever you are doing - whether you expose children to asbestos 
30 and look at the mesotheliomas, or wether you smoke, or whether 


you smoke and you are exposed to asbestos, or whatever, or you 


65/76) 7540-1171 


do-nt ote? 
ener Gan ani aie 916 


rh .: lage 


saneite vektaisien rn ae saheoed “ig ‘eee 
toe Syrees LB ! oe 
nL hesuueess sautyepeulane 30 ane LeOihe eae 
dviw eases #eis aviseter od? eataved a'3x A ee 
..0p8 Bio nt s906° eagne! to’ soe rebnogerq> aid 6 nouns ded: 1 
oN Paabotoase icant eeeane 30) ¥ | 


yilsutos | 
djseb YO aed sperovs etd evel OF ‘eubaghade xg ‘eqadz9q | 
alah ddd (eked ytxte 20 Troe Wer webs0) aca 20 | 


iD é eee — be i 


40 8ps & 


poidtemoa’ nagat “. iad tethetoenuall apnsdo dansob ox / he wes 

avitoyixiea toda eqsdteq bak “eset yoxte’ eqedtisg 30 70203 ; 

-gaind go 4¥oo SadT -exed Yoaeves aaertteq baw 

naetxte event of tstexg bivow siqosg Jeon Gud sy 6) 0 

evit sett .yixie To eps apateva ne piiw enssed, 

ysnsvee IO aps epexeva ns dtiw 

Sysdo ft’ nel 3f.i.a' ned JE (neem T Syeao™ ae imag ae 

sadjenw no ebneded “Inemioes 7“ sOY : KAT cam rey ilies P 
ot ced voy tea od taswegaot Peete, iaa 1 qlee 2 ae 

anzod of avawls bivone gapes aaed evan I sed ; 

saad ek qtode Isotpoloimebiqe yas es: paistool eh one ao 

ist \wardl poy -dtseb 98 ere te rovecesadw/ giver) i: 

yifemiaed ,ytiil Spa os edjsebh net 10, ytnoves 
.eeibosa to gol s Al rapaigcagel 85 satan Wes 


10 


15 


20 


25 


3/76) 


- 72 - Peto, in-ch 

THE WLTNESS:**(Cont’da.)="call-ait" neart” disease. 

I mean, the age distribution of most deaths, and of most excess 
deaths, is really very much the same as the age distribution of 
all deaths. 

I mean, broadly speaking, a death that's caused 
by anything, there is an average age of around about sixty-five. 
You evaluate its consequences on that basis, and I think that 
there is...yes, there is a table in fact, table four in the 
schools thing...illustrates the point. Table four and table 
five. 

If you look at the column in table four which... 
one, two, three, the fourth column across in table four in 
the schools paper...computes expected number of deaths due to 
mesothelioma, within an approximate multiple, obviously...the 
founth icolumm, third from the left...is deaths in different 
five year age intervals among children exposed to asbestos from 
the age of twelve, and the vast majority are occurring after 
the age of sixty. 

So, although...I mean, I am not suggesting it's 
a good thing to expose children to asbestos, but you shouldn't 
be emotional about it. I mean, the age distribution of the 
deaths that are caused by it will be the same as the age 
distribution of the deaths among industrial workers exposed to 
asbestos. And the same is true of lung cancer. In table five, 
two pages on, you've got the same thing. 

The distribution is deaths due to lung cancer, 
caused by early exposures, and is likely to be very much the 
same as the age distribution of deaths from lung cancer anyway. 

In fact, it's true. There are differences... 

DR. UFFEN: It's not very different from the 
mesothelioma. Table four and five are about the same. 

THE WITNESS: They are very much same, yes. 

DR. UFFEN: I'm trying to remember what I had 
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DR. UFFEN: (cont'd.) for breakfast now. 

What does that, the suggestion that it's the 
mesothelioma that is the problem with very young school children? 

5 THE WITNESS: I'm talking about the distribution 
of deaths by age. I'm just saying the majority of them have 
occurred at the age of sixty. The absolute level of misk.t.. < 

DR. UFFEN: Yes, not the absolute value, sorry. 

THE WITNESS: The absolute level of risk will 
be very much higher if youwere exposed when you were younger. 

1 It isn't absolutely true. I mean, I'm not saying 
there is no variation. I mean there is a variation with age at 
first exposure, and so on, but basically when you look at any 
curve which goes up as a power of time or age, the vast majority 
of deaths occur in old age and it makes no difference what the 
i" power of time is. 

I mean, if you have an incidence going up as a 
cube of time, or the fourth power of time, or the seventh power 
of time, then the weight of the curve will always be on the 
righthand side, and the vast majority of deaths will occur after 
the age of sixty, irrespective of what the exposure is or when 

20 Te Occurred. 

MR. LASKIN: Q. I think I understand what you 
have been talking about here, but the latency concept that we 
have been used to talking about is relevant in terms of your 
analysis of mesothelioma in that mesothelioma is related to 
time from first exposure, which is a kind of latency concept. 

THE WITNESS: A. It isn't a latency concept. 

The only definition of latency is a period in which nothing 
happens. 

Q. All right. Maybe that's the problem. 

A. Or the risk is going up increasingly fast, 

30 and so the majority of deaths occur late. But, I mean, there 


is no latency. It's a completel sterile concept, and it isn't... 
Pp yi 
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A. (cont'd.) I mean, there is a paper...if I 
can find it, there is a magnificent paper in the Lyon meeting 
about mesothelioma among children. 

5 fog UC thinks tl can find tt, but. it Says that the 
most spectacular difference between mesotheliomas among children 
and those among adults is the extraordinarily short latent period 
in children. 

Can you spot the silliness in that statement? I 


mean, it's rather difficult to have a long latent period to get 


10 a mesothelioma when you are a child. 
DER. MUSTARD: I Cake 12t thatsa.a nave two 
comments. 
MR. LASKIN: Go ahead. 
DR. MUSTARD: I take it you are using your 
fe anti-latency comment, it's the true epidemiological, biological 


scientists' concept that events start occurring when you 
recognize them, clinicians may say it took me ten years before 
I could recognize it, and things like that. That is one place 
where you get trapped in the concept of latency. 
; But I think the distinction you are making is 
20 a scientific, mathematical analysis approach to the problem, 
versus the standard clinician's attitude that asbestosis doesn't 
exist until I can recognize it clinically in my huffing-puffing 
machine. 
THE WITNESS: There is a latency to diagnose 
asbestosis quite clearly. But true, I was talking particularly 
28| about cancer incidence. I mean, there is actually a latency of 
the order of five or ten years in any method of... 
DR. MUSTARD: In the diagnosis of asbestosis. 
THE WITNESS: Yes, that's true. 
DR. MUSTARD: Yes, but I would challenge you, if 
39| I may, that the same events are going on in the lung related to 


asbestosis, as cancer, and so if you had the skills of measuring 
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DR. MUSTARD: (cont'd.) what was going on at 
the actual pulmonary site, probably the definition of latency 
would have the same kind of problem that you are having with 
the cancer definition. 

THE WITNESS: Yes. Yes. 

DR. MUSTARD: Let me go to your table, your 
mesothelioma and your lung cancer tables, and the important 
thing in the heading, for those of us worried about what we have 
to do as a Commission, is exposure at one fiber per ML. 

Now, it's that magic word ‘one fiber per ML' 
that's in your calculations. That one fiber per ML is based upon 
the fiber concept in the Selikoff study, I presume. Is that 
COLrrect? 

THE ;|WLTNESS:. Yes. 

DR. MUSTARD: So whatever that fiber value means 
is what that fiber means, and I think you have said that their 
fiber classification was kind of arbitrary. 

THE  WLINESS ;..Yes, yes. 

DR. MUSTARD: So we have an interesting puzzle 
that that figure there is powerfully determined, I would 
presume, by whatever the definition of fibers happens to be. 

I was wondering if you had any neat solutions 
as to how to get around a definition of fiber. 

THE WITNESS: Do you want the K's in all the 
formulae? It's the most important question, isn't it. 

DR. MUSTARD: Let's suppose that fiber value 
is out by a factor of one hundred. 

THE WITNESS: Then you are able to underestimate 
the risk by a factor of one hundred. 

DR. MUSTARD: Well, in either direction. What 
happens to...can you quickly tell me what the magnitude of the 
change is in that calculation? 

THE WITNESS: Yes, exactly. I mean, you'll either 
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THE WITNESS: (cont'd.) increase or reduce the 
risk by a factor of a hundred, and that's the trouble. 
MR. LASKIN: Shall we stop for lunch? 
5 DR. DUPRE: We'll close for lunch. Shall we 
break until two-thirty? 
MR. LASKIN: Sure. 


THE INQUIRY RECESSED 


10 THE INQUIRY RESUMED 


DR. DUPRE: Are you ready to proceed? 

MR. LASKIN: I sure am. Thanks, Mr. Chairman. 
DR. DUPRE: Proceed, please. 

MK SUASKING Mb. PecO,, COUlLGa L gust: asksyou 


about one or two final questions about that chart which you 


‘ put up just before lunch, which I understand shows, because 
the increasing relative risk, that smokers who are exposed to 
asbestos in fact will have an average age at death which is 
higher than nonsmokers or smokers who aren't exposed to asbestos. 

THE WLITNESS:* A. Yes? 

20 Q. Is it also true though that smokers exposed 
to asbestos will have a greater loss of expected life than they 
would otherwise have had? 

in Other words, they will... 

Ay .eS;. Yes. 

QO. ..-have a shorter life expectancy than your 

ae nonsmokers or your smokers not exposed to asbestos? 

Wwe | tess 

Q. Can we, from the tables that you presented, 
is there a way to calculate what the loss of life expectancy 
is because of the interaction of smoking and asbestos, or just 

30 asbestos? 


A. The loss of expected life is almost always 
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A. (cont'd.) about fifteen years. For any cancer 
and for most diseases which are caused by practically anything, I 
mean in general, the death rates, normal death rates, I mean the 
normal death rates for most cancers and for heart disease and for 
respiratory disease, and the cancers that are caused by asbestos 
or the cancers that are caused by smoking, or the excess of heart 
disease that is caused by smoking, has more or less the same 
age distribution as the death rate for all causes in the general 
population. 

that L280 t exaccly Crue, tbut ei. eS Luughly true: 

I mean, heart disease deaths are slightly earlier, lung cancer 
deaths are about average among men who have smoked all their 
lives. Deaths from chronic bronchitis in smokers tend to be 
slightly later. Butbroadly speaking, they have more or less 
the same age distribution, so if you calculate life expectancy 
and average it over the distribution of deaths that are caused 
by any of these things, the loss of expected life is nearly 
always about twelve or fifteen years. 

| So roughly speaking, you can compute the loss 
of expected life by working out what proportion of people die 
as the result of the exposure, and multiplying it by fifteen 
years. 

A third of cigarette smokers are killed by 
smoking, and the ones who are killed lose fifteen years each, 
so the average loss of expected life caused by smoking is five 
years, which is a third of fifteen. 

As a rule of thumb, that gives you a very good 
idea. I mean, it's never less than ten and never more than 
twenty. 

So as a rule of thumb..I mean it's obviously not 
true of childhood leukemia, but broadly speaking it would be true 
of most of the asbestos-related diseases. 


I suppose it wouldn't be true of asbestosis deaths 
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A. (cont'd.) in people who were exposed very 
heavily when they were young, but I mean that's not...I mean, 
that sort of extremely heavy exposure doesn't occur anymore. 

So it would be roughly true for asbestosis as 
well, under relatively low exposure conditions. 

Q. Unless you were going to say anything more 
about what you were talking about this morning, I was going to 
move to a different subject. 

A. Sure. I could just say in relationtothat 
I suppose it is helpful to see this in perspective. I mean, if 
you talk about one percent lifelong risk under certain 
conditions...I mean what that actually means in terms of loss 
of expected life is one percent of fifteen years, which is something 
of the order of two months. 

Dithink that's right. .t mean, the loss. of expected 
life, if you kill one percent of the population, the loss of 
expected life of the average asbestos worker, who suffers a 
One percent excess risk, is two months. Although I am not 
suggesting that this is an acceptable risk. I mean, I think 
you ought to see it in perspective. It is not in the same order 
in which people have suffered in the past. 

Q. What you are saying is, if you, for example, 
posit a certain standard for asbestos and the basis of that 
standard is that it will cause an excess risk of one percent, 
over a given lifetime, at a given dose... 

A. I don't know what...I'm sorry. What did you 
say? 

OG. . Let ime startuagain, 

Take the approach that the British took in 1968, 
which was to base a standard on, I guess, the fact that one 
percent of what standard would yield one percent of persons 
developing a morbidity index. 


A. Yes. 
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Q. And if you translate that to mortality and 
plot it against loss of expectancy of life, is what you are 


Suggesting that the average loss of expectancy will be about 


two months, by rule of thumb? 
Or have ft 'got it wrong. 
A. tt Us one-month, 16n't ter rifteen years is 
a hundred and eighty months. Yes, it would be about two months. 
Right. 
10 Ovum Okay. 


What does that mean for any particular 
individual? I guess that's really what I'm trying to get at. 
Particular individuals exposed, let's take a hypothetical 
example, particular individuals exposed to whatever dose 
you may name, and that dose hypothetically will mean that he 

15 has, let's say a one percent excess risk of dying of an 
asbestos-related disease - lung cancer. 

What does that mean in terms of his loss of life 
expectancy? 

A. You mean if one percent of people are killed 
by lung cancer as a result of their asbestos exposure? 

Oz Yes. 


A. As I say, it means a loss of expected life 


20 


of the order of two months, but whether that means that one 
percent of the population will lose fifteen years, or all of them 
lose two months, is a pretty ambiguous question. I'm not sure 
25 how much it matters. 
I mean, the trouble is, with mesothelioma, of 
course, you can identify the individuals who are killed, and 
they have lost fifteen years each. 
But in relation to smoking, for example, it's 
quite clear that smokers who get lung cancer wouldn't have got 
30 it if they hadn't smoked, and those individuals have lost fifteen 


| years each. 
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A. (cont'd.) Smokers who die of heart disease, 
it is not at all clear that that doesn't happen to susceptible 
individuals, and those people may...were certainly at higher 
risk than average, and you could even say that they have actually 
had a fairly short amount knocked off their life because those 
people who died were actually destined to die of heart disease. 

Destined is the wrong word, but were at much 
higher than average risk of dying of heart disease, and that 
those particular individuals had been selected and had their 

10 lives systematically shortened. 

So, there is a spectrum from individuals such 
as those who get mesothelioma who have guite clearly been 
chosen, quite probably haphazardly, by the exposure and killed 
fifteen years early, to a situation where you have got people 
who are susceptible, perhaps to heart disease, and have had 

15 their lives systematically shortened by a small amount. 
SO,it's a question which, 1s. ..2t!s a curious 
question. I'm not sure that there is a meaningful answer to it. 
It's a scientific question, and in a way it's 
a biological question which, the answer to which isn't really 
a known. It's different for different diseases. 

Q. Fair enough. 

Can I turn,..what I was going to turn to was 
your own work at Rochdale, and ask you some questions about 
that, and then alternately try to put your work at Rochdale 
in the context of your comments on the Simpson report, the 

25} Advisory Committee report. 

Can we start, just to put the study at Rochdale 
in context, and the work in Great Britain in context, I think 
it would help this Commission here if you could just tell 
us generally the regulatory framework over the years against 
which we should be looking at the Rochdale study. 

By that I mean, can you tell us generally the 
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Q. (cont'd.) kinds of asbestos control standards 
there have been in Great Britain over the years, and in particular 
pre-1931, and then what change there was in 1931, and working its 
way upwards? 

A. Well, I'm not an expert on this. I mean, the 
1931 regulations said that no dust should be allowed to escape. 
They were more stringent than the current regulations. 

But the form that they took was just specifying 
in detail what technical improvements should take place; that 
certain forms of ventilation were mandatory in certain 
circumstances; that certain work practices were to be forbidden, 
and so on. 

I mean, they were the result of the work by 
Merewether, who recorded extraordinarily high incidents of 
asbestosis in heavily exposed men. 

Q. There was no numerical dust count limit? 

Awe Notwatcthat tines! tingfact, Lim-notusure, 
and perhaps somebody else probably knows, but I think that a 


specific dust or particle count was introduced at sometime 


between then and the two fiber standard which was introduced 
enave69 or 1970, but. i'm. nots sure: about that. 

I don't know if anybody else here knows the 
answer, out of the audience. 

So.I'm notrpcertainso£t that point:,, Lumean, «the 
two fiber standard was introduced in 1969 or 1970, as a result 
OL OLNe:. wt 

QO. “Yes. 

A. ...-which was the incidence of crepitations. 

Q. But looking at your own comments through your 
papers, on what happened in 1931, first of all, I take it that 
there is some consensus that that regulation achieved some 
measurable lowering of whatever dust was in the asbestos workplace 


at that time? 
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A. Oh, yes. It had an enormous effect. It was 
generally accepted. 

I mean, some factories are very much better than 
others at enforcing it, but I mean it certainly had an enormous 
influence. 

I mean, Rochdale is a good example. There's 
a factory where the excess risk was colossal in people who 
had been heavily exposed before that time, and is very 
significantly reduced after...in people who started working after 
that time. 

DR. DUPRE: That nature of that 1931 regulation 
was, as I heard you put it, that no dust should be allowed to 


escape? 
THE WITNESS: Yes. And it was obviously... 
DR. DUPRE: From what, to, the plant to the 
outside environment, or from the operation...? 


THE WITNESS: I'm really not an expert on this, 

but as I understand it, I mean the legal requirement was that 
- certain things should be done. As I said, that certain 
ventilation should take place, that certain practices should 
cease. 

But I think the terms were that no dust should 
escape, should be allowed to escape, but it obviously wasn't 
enforced. I mean, it meant that the huge visible clouds that 
had been normalinthe past should be done away with. 

MR. LASKIN: Q. And then...I appreciate from 
some of your comments in the papers, that as I understand it 
there were no measurements of any kind at Rochdale before 1951. 
is that, correct? 

THE WITNESS: A. There may have been sporadic 
measurements, but there was no systematic program of measurement. 

Q. I note in one of your papers you make the 


comment that dust levels started to come down from about 1945 
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Q. (cont'd.) onwards, and I'm wondering was there 
something that happened in 1945, was it just the end of the war, 
was there some even that caused dust levels to start to come down? 

A. It was completely anecdotal. I mean, there 
was never good evidence that there had been a substantial change. 
It was even conceivable that after the considerable cleanups which 
took place inthe thirties that people thought the problem had 
been solved, and conditions got worse again. 

I really wouldn't like to say what the pattern of 
dust levels was between 1931 and 1950, at Rochdale. 


10 


I mean, the mortality data, which I think are 
probably the best measure of...better measure of what conditions 
were like than anything else, indicate that if anything, 
conditions were worse after 1954. But I mean, you know, I just 

15 don't know. 

O.. .You discuss it.in, a mumber, of places, but 
one of the places in which you do discuss it is in your paper at 
tab one, at page 172. Perhaps I take it, just from looking at 
the last part of page 171 that perhaps the answer is really 


contained in there, and you make the point that the dust 


20 regulations may have been relaxed during the Second World War. 
A. . Nee... Lk mean, ithe things, that. are said 
about dust rules there, and measurements, come from the company, 
and I'm really not competent to comment on them. The measurements 
were taken routinely from 1951 onwards, at first with a thermal 
25 precipitator, then with membrane filter from 1961 onwards. 
| Q. When you say routinely, how often would 
routinely be? 
A. I'm not sure. They were taken quite 
frequently in quite a large number of areas, but I don't know 
! the details. 
30 Q. More than once annually, I take it? 


A. Yes, that's my understanding. But as I Say, 
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Ae (cont'd?) I realfy "dom! teknow -aboucrrt tin 
detail. 

I assume this must have been gone into in the 
original BOHS study, because these are the same measurements that 
the current hygiene standard is based upon, of course. I mean, 
this factory has a’ peculiar Signifrcance*in that’ it*was ain+ fact 
the factory on which the current two fiber standard was based. 

I mean, the analysis based on these data. This is the only formal 
justification that has ever been offered for the two fiber 
standard. 

Q. In 1968, the standard was based on... 

A. Yes, on these measurements. 

O. Ac Roehdate. 

Can you...is there any judgement amongst the people 
with which you were associated when you wrote the paper at tab 
one as to the reliability of the thermal precipitator as 


opposed to...we appear to use over here...which is the midget 


impinger? 
A. I was ‘told that it was very much more’ reliable. 
Q. Which was? 
A. The thermal precipitator was very much more 
reliable. It was producing measurements which were quite 


comparable and more or less linearly related to membrane filter 
counts. But I don't know whether or not...I don't know how 
true that is. 

I mean, the correlation between the 1960 
measurements in particular areas with a thermal precipitator, 
and the 1961 measurements with membrane filters, in fact 
comparing the two columns in table five on that page...although 
not perfect, is better than the correspondence between the 
particle counts and the fiber counts which were taken by actual 


parallel measurements in the Quebec mines. 
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A. (cont'd.) These aren't parallel measurements. 
Parallel measurements were in fact taken at Rochdale, and they 
were used as the basis of the conversion, but I have never seen 
the data. I mean those conversions were done by people within the 
factory, and conversion factors were worked out. My understanding 
is that the correspondence was actually quite good when parallel 
measurements were taken. 

Q. Between the thermal precipitator and the 
membrane filter? 

A. Yes. But as I say, I mean, simply looking 
at the two columns in this table, you can see... 

Q. What table are you looking at? 

Aw Table five, on page 172° 0f tab one. ‘The 
correspondence between those figures, although not magnificent, 
is actually better than the virtually zero correlation that was 
found when parallel measurements were taken in Quebec mines 
between particle...between the impinger counts and fiber counts. 

As I say, there is a good deal of variability 
here because these are measurements taken a year apart in the 
same area, whereas the Quebec comparison was based on parallel 
measurements. 

So I think it would be fair to say that these 
measurements from 1951 to 1960 are the very much better estimate, 
provide a very much better estimate of what fiber counts would 
have been over that period than anything else that is available, 
even if they are not perfect. 

Q. When you make that judgement and you say 
than anything else that was available...I'm SOLU Dr atit Lens, 

I' 11 get to you in one moment...are you making a judgement of 
the reliability of measurement at Rochdale as compared to your 
view as to the reliability of the measurement in other cohort 
studies? 


A. Yes. I don't think there is any other cohort 
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A. (cont'd.) study which has reasonably reliable 
estimates in terms of fibers, over this period. I think this is 
the only cohort study in which there were moderately good 
measurements over a period when people were...where you can see 
sort of measureable morbidity and excess mortality among people 
who were first employed at the time when the measurements were 
taken. 

DR. UFFEN: Do you happen to know whether the 
thermal precipitator method has any influence onthe size or 
aspect ratio of the dust from the time it is taken in to what 
it measures? 

THE WLINE SS: 1. GON t Kiows- ti Sorry, . don’t 
know. 

DR. UFFEN: Do you know how it works? 

THE WITNESS: "Not intdetail, no.” I°m”"really 
not an expert on that. 

MR. GASKIN: ©. Just pursuing this a bit further, 
the calculation to work backwards in time to get the fiber 
counts, can you just briefly take us through it? As I understand 
it, there has been two steps. You’ go back, you do some ratio 
calculations back to 1951, and then pre-1951 you add ona 
factor’ 

THE WITNESS: A. In a sense, I think the data 
before 1951 are rather irrelevant now, because there are 
substantial data on morbidity in people who started working in 
1951 or later, and significant excess of lung cancer. I'm not 
sure what the value of the earlier data is anymore, because there 
are no measurements during that period. The assumptions that 
were made before seem inconsistent with the epidemiological data. 

I mean, to assume that the dust level was 
actually higher during a period when the excess of lung cancer 


was lower, seems anomalous. 
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Q. The cohort that you are now principally 
looking at are those employed from 1951, onwards? 

At. / Yes. 

Q. To get from 1969/70, backwards to 1951, can 
you just tell the Commission how that was done, just briefly? 

AS From 19693? 

Q. When were the first membrane filter counts? 

Awe © L961. 

OT "19615 Tenssorryy PTO -gee™szom 1961 ,~backwatds 
LOL 9oL? 

A. Parallel measurements were taken during that 
period, and conversion factors were calculated, and that was done 
by the hygiene offices in the factory. These estimates, these 
tables of estimates, were provided by them. 

Oo.” In- other words, you" nada" precipitator count, 
as I understand it, for 1960, as against a membrane filter count 
EOL 9G: 

A. ~ Yes. 

Q. And you took that ratio and applied that ratio 
to prior thermal precipitator counts? 

AS YES. 

Oo. To’ get your fiber counts. 

Now, I just want to follow in time a bit the 
changes in the estimates which you have taken into account, and 
what are in part referred to in the Simpson report and indeed, 
in part, Mr. Berry spoke to us about. 

As I understand it, the 1968 standard was based 
on data that measured area sampling as opposed to personal 
sampling, and whole field view rather than graticule? 

RS Yes. “Yes }'thatvs sright . 

Q. Mr. Berry, when he was here and gave evidence, 
and indeed he suggests in one of his papers, I think, that even 


taking those figures into account, the dust estimates actually 
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Q. (cont'd.) were about two-thirds of what the 
British report in 1968 said they were. 

I, just to start with, wonder if you had any view 
on that. 

A. Sir, could you say that again? 

Q. I better, so I won't misquote him...and you 
may be familiar...I take it the group out of Wales, which 
includes Mr. Berry, they have been looking at morbidity in the 
Rochdale plant, and your group, and youinparticular, you have 
been looking at mortality? 

ASprives:. 

Q. There is a paper which he presented to us, 
which you may be familiar with, which is his paper inthe British 
Journal of Industrial Medicine, 1979, called Asbestosis - A Study 
of Dose-Response Relationships in an Asbestos Textile Facrory.. 

A. Yes. 

Q. He makes one...one of the points he makes, 


which is at page 105, is that he says the dust exposures are 


-now known more accurately than they were in 1968, and in particular 


it is known that some men spent part of their time in less dusty 
jobs than the job category defined in 1966, and the effect of 
this extra information is the average cummulative dose up to 1966 
is now estimated at about two-thirds of what it previously was 
thought to be. 

Ae. Yes. 

Q. Does that accord with your understanding of 
the situation? 

A. The same data, I mean the data that I was 
given, were in fact his data. Geoff Berry, in fact, supplied 
these estimates in tab one, on page 172. They were actually 
the data that the...the BOHS committee was reconvened in the 
early 1970's, and at that time the original, 1966 data, were 


revised, and he was given individual estimates. The cohort 
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A. (cont'd.) that he studied, morbidity was, in 
fact, almost the same as the cohort that our mortality study 
was based on. 


So he actually used those estimates, the BOHS 


estimates, which he used in that paper, and computed, for example.. 


I mean the reason that the average actually goes up from 1936, 
I think to 1941 in that table, is because it is weighted by the 
number of men exposed in.each area, and it happened that there 
were slightly more men in slightly dustier areas in 1941. It 
wasn't that the individual estimates varied greatly. It was a 
shift of the distribution of workers, and ‘so on. 

So those figures in the 1977 paper, that tab one, 
are the same as the data, estimates, which he is using in the 
British Journal of Industrial Medicine in 197... 

Oc 1 957-9% 

Aine 1979 on And inuaactirthe: samemresults) ‘are 
summarized in a paper by him in the New York Academy of Sciences, 
AT Os 

Q. Now, can I then take you from that point to 
your revision of the data which appears at tab seven of your 
booklet, and that's your 1980 paper at... 

Avie Yes. 

O.. LE we: igo toy pages 832,) table:two, which ‘sets 
out your revisions. 

BD eye LOSE 

Ovny Pinsts Of ald, howd id? it, comeriabout! that 
these revisions or recalculations were made? Is this something 
that was done by the company internally? 

A. Yes. I mean, the BOHS committee was 
reconstituted in the early seventies, and the dust estimates 
were revised. I mean, there were new estimates which, as you 
say, were slightly lower than the estimates that had been used 


in ...they were lower? Surely they were higher. 
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A. (cont'd.) Did you say they were two-thirds 
lower? 

QO.” Wwo-thirdswacs2! Thats; what Mr. Berry would 
suggest, as I... 

A. Sorry, ‘could you ‘readthat section? 

I thought they were revised upwards. 

The data were revised for the reconvened BOHS 
committee, and then that committee sat for some time, and 
the medical physics people in the factory became increasingly 
unhappy about the estimates and decided they were going to 
revise them again, in fact. The proceedings in that committee 
were suspended, and in fact it never reported. They didn't 
submit a report to the Simpson Commission. I mean, the 
intention of the committee was to submit a report to the 
Simpson Commission, and in fact they never did so because of 
the dust estimates, in fact. They became unhappy about the 
dust estimates and suspended the proceedings and set about a 
revision. 

This was supposed...the committee was supposed to 
reconvene with the new estimates, but nothing ever came out of 
it. I mean, I don't know what happened after that. 

The estimates that I put in my 1980 paper, at 
tab seven, are in fact the estimates which have been revised 
again, so there have been two revisions of the original 1966 
data, the 1968 report, which the current standard is based on. 

There was the revision of those which led to 
the analysis that Geoff Berry published in the British Journal 
of Industrial Medicine in 1979, and in volume 330 of the New 
York Academy of Sciences. That was 1979. 

Then there was a further revision, which, as 
I say, has never seen the light of day as a formal analysis, 


but I was given the individual measures on certain individuals 
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A. “(cont '"d.)*° in’ thiscohort,” to work out average 
levels, and that's what's reproduced in that table. 

Q. Okay. Does that reflect a revision that 
takes account both of the change from area to personal sampling, 
and the change from full view to graticule? Or just one of those 
factors? 

A. It's...supposedly it only takes account of the 
change to graticule sampling. 

Q. I guess I asked that question because your 
revisions seem to be different than the revisions that appeared 
in the Simpson Report, and in, as I understand it, that revision 
formed part of its quantitative risk assessment, which is the 
reason I'm trying to take you through this. 

Aw ao iia very ditticult posit tom inire lation 
to this, because as you can gather from what I've said, I mean 
I've basically been given rows of numbers twice, and published 
them. I'm really not in a position to comment on how the 
revision was done, or why the changes were quite as great as 
they were. 

Q. Do you have any judgement one way or the 
other on the recalculation that was done in the Simpson Report, 
wixch as I ‘understand at-was. to Veilet's) seeiaf Iican. #ethat as 
t understand it...perhaps I> should put this “in: front of ‘you. but 
looking at table thirty-seven in the Simpson Report...and I take 
it they relied on Mr. Steel's recalculations, the industrial 
hygienist. They seem to give a factor of two point five to the 
graticule change, and two to the personal sampling change, to 
come out with a conversion of five. 

A.W Ves: 

Q. Do you have any judgement one way or the 
other on that conversion, in light of your own recalculations? 
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A. (cont'd.) the most important question facing 
the committee. I mean, there are plenty of studies that have 
Got... 

OS em aCuLy 4 

A. ...-you know, excess mortality and significant 
morbidity, and no association with dust measurements. 

When you see apparent discrepancies between 
different studies, and conversions have been done from one 
measurement technique to another, and then you find that within 
a study which was supposed to be the definitive one that dust 
measurements have now been multiplied by a factor of five, 
despite the fact that they did actually correspond to membrane 
filter measurements taken by modern technique, you have to...I 
mean it is very important, you should understand what the basis 
of those conversions is and to decide whether or not they are 
Vaud, 

Because a factor of five is being introduced, 
which effectively increases the hygiene standard by a factor 
of five, and there is now publicly available evidence from which 
to, judge its velidity. 

Q. Is that still the situation today? 

A. Well, in the sense that there is no public 
evidence available to judge ttsivalidity.~.ves.« Buteulemean, I 
don't know what to say. You know, it is a curious situation. 

Q. Can you, in trying to assess this can you 
help us any further in trying to assess the conversion factors 
that were used in the Simpson Report? 

A. .NO,«l mean,..that'e their basis. «Theix 
basis is a factor of two point five wfor ubhe voraticul ei, and stwo 
for the personal sampling. I mean, in another point in the 
Simpson Report it says that the effect of, the results of 
personal sampling were in fact more or less the same as static 


sampling at low dust levels. mSo it isn’t clear that a factor 
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A. (cont'd.) as high as two should be used. 

Q. Just take that one slowly again? 

A. In the article by Steel, in volume two. 
of the Simpson Report, it says that the ratio of personal to 
static sampling is variable, but in areas of good dust control 
the ratio is close to one-to-one. 

So it isn't clear what level you should use a 
fZaccor Or two. 

OO; 1 see, 

The two point five for the full view to graticule, 
I take it, is somewhat akin to your revisions in the 1980 paper? 
I mean, that seems to be roughly the kind of factor you were 
working with. 

A. I think that's because they applied that factor 
to calculate the numbers, so it may not be a coincidence. 

Oun 4.0 (See. 

DR. UFFEN: Could I ask a question here, counsel? 

MR. LASKIN: Sure. 

DR. UFFEN: In the review paper that you had 
called, The Establishment of the Industrial Hygiene Standards - 
an Example, what's your...I'm not sure what tab number this is. 
I haven't got a number. 

On page 110 of that, there is a figure one 
that shows ... 

DR. DUPRE: Tab three. 

DR. UFFEN: Is it tab three? 

It shows dust levels in fiber per c.c. for 1920 
fo, 1372. First of all, I'm mot sure whether it's the same... 

DR. DUPRE: Excuse me, Dr. Uffen, I made amistake. 
Tes NOt. tap Cnree ai tiers. .le 

M. CASGRAIN: Two. 

DRw UPPENs: Eso © Siw? 

DR DUPRE aL WwiOrs 
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MR. LASKIN: I'm sorry. What page are we at? 

M. CASGRAIN: Page 110. 

DR. UFFEN: Page 110, and I just happened to 

& notice that in that rough chart the ratio is five-to-one for 
Ene perzod: trom 1920) to 1935, and then £rom.l933 to after 1950. 

THE WITNESS: That's a sheer invention. I mean, 
that is simply a schematic illustration. The fact that the dust 
level was assumed to be very much higher...in fact, that probably 
isn't a true pattern. There were considerable improvements 

10 during the twenties. I think the dust levels were... 

DR. UFFEN: It's just an accident that it was 
used to...it goes from fifty to ten, which is a five~to-one... 

THE WITNESS: Oh, yes. Imean, that's just to 
illustrate the fact that nobody knows what conditions were like, 
but they were certainly worse before 1930. I mean, there obviously 

® wasn't an astonishing improvement in the six month period in 
1933. What actually happened is that there was a very 
considerable improvement during the twenties, and by the time 

the regulations were introduced in that factory, at least, most 

of the improvements had already taken place. 

20 But from 1933: owards,, those ‘are ‘simply the’ data 
that are reproduced in the 1977 paper, and again, of course, 
they are guessed from 1933 to 1950. 

MR. LASKIN: Q. Can I just ask you, in view of 
the comments you just made about the importance of these 
conversion factors, the dust estimates and so on, that in view 

25 of the discrepancy that one, for example, sees between what you 
have written and what Mr. Steel has done, do you still stand by 
the judgement you made about the reliability of the Rochdale 
data as compared to the data in any other cohort study? 

THE WITNESS: A. It seems to me that since 
the...oh, yes, I would do, yes. Because I don't think that... 
the processes of the conversions that have taken place here 


are at least well documented...but it seems to me that the 
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A. (cont'd.) appropriate solution in this case 
would be to impose static sampling restrictions, that since 
you've actually got static samples, you've got fairly good 
estimates of what the static sample measurements would be if 
you use whole field counting rather than graticule counting, and 
it seems to me that a fairly straightforward way of solving the 
problem is to have the pattern of static samples which are 
monitored by the government, and are counted in the same way 
as they were from 1961 onwards, in England, and you then have 
direct comparability, and whether or not this factor of five is 
valid will be bypassed. You could, at the same time, investigate 
whether it is valid, but to presuppose that it's valid when 
there is very considerable doubt about it and it May make quite 
a bit of difference to the risk, seems to me unsatisfactory and 
I would have thought it would have been reasonable to impose 
restrictions on the basis of the techniques that were actually 
applied at that time, because there is a series of vicious 
circles there. I mean, there are technical changes which 
introduce such a measure of uncertainty in the extrapolation 
from one period to the next in each case, that it's never 
possible to impose restrictions with any degree of confidence. 

Since a method which was in fact measuring the 
particles which are still being counted, albeit by different 
technique, since those measurements on the basis of these 
relationships, I mean that would seem to me a sensible way around 
the problem, since there really is a lot of uncertainty and 
the factor could be anywhere from one to more than five. 

Q. I want to take you to your two mortality 
studies in a moment. Perhaps this is a good time to deal with 
one of the comments that you made to me in the original letter 
you wrote to me, which is at the beginning of your tab number 
three. 

Lf you.stunn tor eile ithiniksaitashould, bexthere.i. 
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QO. (cot'd.) But you had, what you indicated 
was your two major disagreements with the Simpson Committee 
Report, and I wonder if we could...we have dealt with the 
5 second one to some extent, and perhaps we'll come back to it, 
but can we first of all deal with the first one? 
') BA. Yés.. I mean, I think sthat.., 
Q. Would it be of assistance to you if I give 
you a copy of the report? 
As NO, that's okay, 
The point really is that the estimates of risk 


10 


which are presented in the Simpson Report on the basis of 
different studies, actually are inconsistent. When you have 
inconsistent estimates of risk, it isn't good enough to average 
them. You have to explain the inconsistency. 

15 In particular, when you are dealing with something 


of this sort, you have to explain why the highest ones are as 


high as they are. Because if you choose a risk estimate which 

is lower than the highest ones, then you are explicitly assuming 

that those high estimates of risk are wrong, and you need fairly 

strong evidence for that. 

20 Now, it's quite clear that the estimates in 
relation to chrysotile mining in Canada are extraordinarily. low. 

Q. Can we just...so that we all know what we are 
talking about...are we now talking about the Simpson Report 
Or the Acheson study, table thirty-five, where it takes... 

Ae \.CSi; Gn which thes. . 

oi --the three studies - Quebec, Enterline and 
your study... 

A. Yes, and various multiplying factors were 
applied both for converting particles per cubic. foot, to. fibers 
per ML, and for allowing for graticule on the counting in 

30} personal sampling. 


Q. This is the risk assessment you are talking about? 
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A. Yes. 
O. Okay. 

A. Now, the estimates, the range of estimates 
that come out of that are from...is a range of more than tenfold, 
in. fact...in the risk.at.a specific level, of exposure. 

Those are inconsistent and it seems to me that 
the studies which produced the highest risk estimates ought to 
be looked at and either accepted or criticized, but should be... 
10 it should be possible to say why the results are so grossly wrong. 


The Rochdale results produce rather high risk 

estimates, and Rochdale was chosen as the basis of the 

BOHS study in 1968, which as I say was the basis for the two 

fiber standard in England, and I think in Canada and the United 

States in most of Europe, because the dust measurements there 
5 were regarded as being the best available because dust 
measurements had in fact been taken systematically over a long 
period, and because morbidity, and now mortality, had been 
studied,aini that factory. 

So to ignore the risk estimates that come from 

that factory, particularly since it is an industrial setting, 


20 
which I would have thought was more relevant to at least the 


English experience than chrysotile mining, although you may be 
more interested in chrysotile mining here... 

Q. We don't have any mining here either. 

A. ...seems to me illogical. 
25 I mean, I think a coherent rationale for doing 
so ought to be offered, and I feel that wasn't done in this 
report, that in fact these inconsistent estimates were presented 
and one more or less in the middle was chosen rather haphazardly. 
And that in fact a more formal consideration, particularly of 
the Rochdale data, should have been offered. 


You see, the conversion factors which are used 
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Ae (contid.) (for yconverting prom particles. to 
fibers, in this table, are really based on extraordinarily 
inadequate data. 

I don't know if you have ever seen the graph, which 
+ Chink: ...-m not Sure Jt it us an nere...cne, graph of the’ parallel 
measurements in Quebec, of fibers and particles, which was 
DuDlLIishea an 974. |.’ ve got. a silage Of 2, 11 1 Can find it, 
and it's pretty spectacular. It looks like a shotgun from a 
distance of twenty yards, and the correlation is absolutely zero. 

Q. Perhaps if you had the slide and it's handy, 
it would be helpful to us to see it. 

I take it you are going to show us...is this 
the attempts by Messrs. Gibbs and Lachance to convert? 

A. Yes. Yes; this is a correlation. This is 
a graph of the results of parallel measurements. These are 
adjacent measurements with a midget impinger and a membrane 
filter, and today's rather strong influence is on the number 
Of fibers ‘that have got to produce a partacular téevel of risk, 
on the basis of the conversion which is depicted here. 

It seems to me slightly dubious. They are 
virtually uncorrelated. You get a point here... 

OO.) COULG. YOUU St explain CO US....5 

A. ..-.where there is an estimate of more than 
thirty million particles per cubic foot at a fiber count 
somewhere in the region of five fibers per ML, and another 
Situation here where there is a measurement which seems to be 
less than one million particles per cubic foot corresponding 
to a fiber count of a hundred fibers per ML. 

These are the data that are being used, in 
effect, when a conversion from particles to fibers is produced 
and used for analyzing the Quebec data, and it seems to be 
completely worthless. I mean, I don't think that it's...I think 


it would be reasonable in the mines to say that even among the 
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A. (cont'd.) people who are very heavily 
exposed for a long time, the excesses weren't colossal, and to 
apply engineering improvement properly based on particle counting, 
5| and I think that's in fact what was done. 
That would seem reasonable in the mines, but 


these data to me seem to be completely irrelevant for control in 


industry. 

Q. Those data are irrelevant, is’ that what you 

said? 
ie Ae eWelly, “yourcan. . use datayor nat quality to 
converte particles: to fibers.) 1t"s clearly absurd. 

DR. UFFEN: If it were to be a reliable one, you 
would expect to see them all clustered at least along some 
curve going up to a center somewhere? 

15 THE WITNESS: Yes. I mean, they are completely 
rounded, as you can see. 

DR. DUPRE: Do we have that, or may we have that 
slide? 

MR. LASKIN: We will certainly obtain a copy of 
that slide. 

20 DR. DUPRE@ = AS part OF Our record. 

THE WITNESS: Do you want the article? It is 
reference, I think ine. sLuver gotacopy of the article with me, 
actually, af you want to take a copy of 2c. 

MR. LASKIN: Perhaps that would be helpful. I 

os think it's actually in our compendium of articles for Dr. Gibbs, 


but we had better make certain of that, and I'll check that 
at the recess. 
THE WITNESS: Yes, there it» is. 
‘MR. LASKIN: The article, just to read it into 
the record, it is in the compendium of Dr. Gibbs' publications, 
30} but it's Dust Fiber Relationships in the Quebec Chrysotile 


Industry, and it's found in the archives as Environmental Health, 
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MR. LASKIN: (cont'd.) Bépruary, 1974. 

MR. LASKIN: Q. Apart from your comments about 
the conversions, is another thing you are saying that a mining 

5 cohort ought not to have been included in a risk assessment where 

you are trying to regulate in an industrial setting? 

THE WITNESS: A. No. If the results are consistent, 
then it would add weight to the data. But the results are so 
grossly inconsistent, and there is a very obvious explanation for 


their inconsistency, there virtually is no conversion that is of 


ac any use whatever for converting particles in a mining context, to 
fibers. 
That makes them irrelevant. I mean, the results 
in relation to those conversions, and the basis of the conversions, 
not that it's mining as such. 
ae I mean, there may very well be big differences 


between the textile situation and the asbestos cement situation 
as well. 
Q.- Do you have any judgement on the use of 
- the Enterline cohort study for the purpose of this risk assessment? 
A. Well, I think the same criticism is true, 
20; that the actual basis of the exposure estimates is weak in that 
study as well. 
Q. If you were doing the risk assessments 
yourself, would you have simply taken the Rochdale study and 


looked at it, or would you have included any other cohort studies, 


yourself? 

eS A. I don't know what other studies exist, for 
which measurements have been taken. I mean, obviously it would 
be of enormous value to have other cohorts in which fiber counts, 
or something which could be reasonably converted into fiber counts, 
were available. 

30 Q. When you say...when you wrote to me that you 


believed there had been a substantial underestimation of the lung 
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Q. (cont'd.) cancer risk, can you quantify that 
more particularly? 

A. Well, when the Simpson Committee met, in BaACe, 

5 we hadn't reanalyzed the Rochdale data. We hadn't analyzed and 

published the results of the followup on people first exposed up 
to 1950. 

Q. Is this your 1980 paper? 

A. Yes. .-That hadn't been published at that time. 

But the results of that extension of the followup 


Ip are rather disturbing, because this is the first good data on 
the population, as I say, where the dust levels were actually 
measured. The earlier papers were based on the estimates of dust 
levels before 1950, whereas from 1951 Onwards, they were measured. 
So there is a reasonable basis for conversion. 
15 Q. What is disturbing about them? 
A. Simply the magnitude of the risk at a 
relatively low dust level. 
Limeanel flyouwvelookvat. thers: 
Q. Why don't we look at that for a moment. 
A vigk don.uiknowtwhieh ss. 
20 OA, IsrsS ainiyour 1. Sligtak eet taethatert" sain your 
tab seven, your updated mortality study? 
Ap Mves, that s<right: 
Q. Is it table one at page 830? 
A. Yes, table one. 
The relative risk for lung cancer in the bottom 
25 


half of the table, which refers to people first employed in 
1951 or later, shows eight lung cancer deaths compared with 
One point six expected. 
Now, the numbers are extremely small, but the 
risk is extremely large. If you took that as a point estimate 
30} in isolation, it would lead to fairly extraordinary risk 


predictions. The relative risk for lung cancer is five, the 
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a (contd. ) cumulative doses of those workers... 


Q. That's what I was going to ask you. 


A. ...measured in the way that they were measured 
° in the original BOHS study, which did in fact correspond to static 
membrane filter samples examined in the old way, would've been of 
the order of a hundred fiber years. 
Q. I think just so that we are all clear, because 
I think when you say the relative risk is five, you are there 
10 looking at the lung cancers... 
A. Beyond twenty years after first exposure. 
Q. Beyond twenty years after first exposure? 
Agi @Yess 
Q. Are we all clear on that? 
Az wShall Zesticksit+on thesboard? 
15 Oem dInthink, Il¢canaclear it up-c 
We are looking at the lung cancer figures for 
those employees twenty years from first exposure, which are the 
figures seven plus one of the actual observed. 
The next column are the expecteds. There is no 
oA actual relative risk calculation within the table. 


DR. DUPRE: Yes, I think so, counsel, but just 
to make sure, we are looking at...at least I am looking at 
table one, page 830. 

MR. LASKIN: Correct. 

DR. DUPRE: And I assume that the discussion that 

25| is now taking place involves the numbers that all appear to the 
right of the words '1951 or later', because this is the updated, 
accurate measurement cohort. Correct? 

MR. LASKIN: Correct. 

DR. DUPRE: Okay. 

MR. BLASKIN«e. Ands vs 

30 DR.gDUPRE: Anduaftter,lungecancers..I'm sorryas:. 


for instance, when you said that there was an excess risk of 
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| MR. LASKIN: I think he is going to show it to 
you. 
DR. DUPRE: Okay. Sorry. 


: THE WITNESS: Beyond twenty years after first 
| exposure, as you've seen in cohorts such as this where the risk 
| is accumulated over a period, is where the risk starts to show up, 
there were eight lung cancer deaths compared with one point six 
expected, which is a relative risk of five. 
Fy Now, the cumulative exposures of these workers, 


| according to the revised dust estimates, were of the order of 
three hundred fibersSper ML years. If you look at the conversion 
| between the old and the new figures, which is in the same table, 
they would have been of the order of a hundred fibers per ML 
years in terms of static measurements, static membrane filter 

15 measurements taken in 1961, taken 1961 to about 1974. By the 


technology that we used at that time for membrane filters, their 
cumulative doses would have been a hundred particle per ML 

years, which coincidentally, on the basis of the same measurements, 
was predicted to cause a lifelong risk of one percent... 


Q. Can we just hold on so we get this in perspective? 


20| First of all, to get into your cohort you need...maybe we should 
make that clear...you need a minimum of ten years exposure...to 
get into this) cohort that forms. the pasts: for this, revative 
PLiek caLcuzation. 
A. Yes. They all had to have worked for at 
25 least ten years, starting in 1951 or later. 


Q. All right. Then you have looked, for the 
purpose of this calculation, only at persons twenty or more 
years since first exposure? 
A. Yves, that’s right. 
Q. Now, the figure a hundred fibers per milliliter 
30} years, is that an average cumulative exposure for all of the 
group of people who met the two criteria - ten years minimum 


exposure, twenty or more years from first exposure? 


6 
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A. Yes. 
| Q. That's their average? 
A. Yes OnYourt can seelithates from? thes). I mean, the 
| 5 Original dust level estimates were back ten, twelve, ten fibers 
per ML in 1951, and they fell to about five by 1956. 
| Q. You can basically see that from table two 
at page 832. 
| A. Yes, in the original measurements. So if you 
started in 1951, you could have accumulated a dose of somewhere 
Ne between twenty and fifty fiber years by 1955. Then a level 
| of five for another ten or fifteen years after that would give 


you another fifty or so. It would give you something of the 


ee 


order of a hundred fiber per ML years, cumulative dose. 

OS. WOka ys 
| 15 A. And the revision of the data increases that 
to three hundred fiber per ML years. 


| In a sense, I mean, these data are going to give 
you...I mean they illustrate how large these factors are and 

how important the questions are, because the...I mean the 

| relative risk is five there. The total is eight over one point 

20; six expected. 

So the relative risk is five. 

In England, that means that half of them are 

going to die of lung cancer, and you can see that that's true 

directly, because you are looking at the total deaths beyond 

| twenty years in that table. I think there are eight lung 

| a cancer deaths out of a total of fifteen. 


Now, I think that's probably been exaggerated 


by chance, that observation, and it seems difficult to believe 
that the results can be as different in people employed after 
1950, compared with people employed before, and that seems 

30 rather extraordinary) vif youslook tatethé other wpantiof the table, 


the relative risk is actually significantly lower, which is 
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A. (cont’d.)) rather diffiiiculteto explain. 
| But... 
Q. The comparable relative risk would be twenty-two 
| Over about fourteen or thirteen? The comparable calculations? 
A. Yes. There's less than two for people exposed 
| before 1950, which is very mysterious. 


Q. In view of the supposedly lower dust levels? 


| A. Yes, quite. 
10 Q. Do you draw any conclusions from that? 
a. Uvdon"eeknowwy Bomean, the other one was 


| a retrospective cohort study, whereas these data were collected 
prospectively, and this is a genuine prospective study in the 

| sense that we established the cohort and these observations 

| are taken since it was established. Whereas the previous one 

| 15| is compiled by taking company records and working backwards. 

| Southis: i sjrinethat sense, more) reliable. 

That"s the difficulty with these data, that in 

| fact by any normal criteria these are...I mean, they are rotten 

data because of the ambiguities of measurement and so on, but 


| they are nonetheless) the best data ‘around if you want to relate 
20 


lung cancer rates to measured dust levels. 
| That's what worries me, that the risk estimates 
that they produce are actually completely inconsistent with the 
estimates in the Simpson Report. 
QO. Canyouw just show tus ‘that, how those:/risk 
| g5| estimates or that risk estimate is inconsistent with the risk 
) estimate in the Simpson Report? 
A. Well, I mean, it's quite interesting to 
| go from the original measurements that the current standard is 
based on, ‘to -the: currenti:situation.i»© I mean), ‘the loriginal 
| measurements... 


oo O29 Cam you ttake wus rthrough tthat slowly? 
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A. Yes. I mean, the measurements which correspond 
to the actual measured levels. I mean, everything since then is 
speculation, so all I've done is split them into factors and 
explain what has happened. 

But the actual measurements correspond more or 
less to a hundred fiber per ML years cumulative dose in these 
people, so you have a hundred fiber per ML years, which equals 
fifty years at two fibers, of course. 

QO. GREgGNL. 

A. Two fibers per ML. 

And you have a relative risk of five, so the 
excess risk...in Other words, the chance of dying of lung 
Ccancer...is about forty percent in England. I mean, roughly 
ten percent of people die of lung cancer, and so if you increase 
that by a factor of five, that gives you something on the 
order of forty, because ten would die as a result of no 
exposure. 


If you assume that in fact it should be three 


- hundred, you apply these conversion factors, that would 


reduce the excess to something in the order of thirteen percent. 

If you try and reconcile the results of this 
study with the previous one, they are actually inconsistent. 
If you take the lower...this is the fiber adjustment from one 
hundred equals three hundred...if you take the lower ninety-five 
percent confidence interval for the relative risk, which equals 
two point one relative of five, the actual confidence interval 
is from two point one to nine point seven, in fact. 

Q. A ninety-five percent confidence interval? 

A. Yes. Then the excess risk, the relative 
risk is two point one, so the excess is reduced by a factor 
of almost four, you see. I mean, the excess is the relative 
risk minus one, so the forty percent excess becomes eleven 


percent excess. When we've got adjustment of thirteen percent, 
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| A. (Gont’d.)" it goes down to, tour. 
So if you find that, you then estimate the 


| lifelong excess risk as being four percent. 
5 


If you then apply the adjustment which.. 
Q. Can you just slow down. Can you just do that 
| AGaLnN (SO as. ae everybody else seemed to follow it, but I didn't. 
A. The lower ninety-five percent confidence... 
| the five relative risk is based on these tiny numbers. 
10 Oe COLL eC iss 
| A. SO yOu"Vve got no idea what ig@ais. Lt"s five 
as a point estimate, but in fact the ninety-five percent 
confidence interval is from two point one to nine point seven. 
UO." Okay. 
) A. For the relative risk. 
15 If you take the lower ninety-five percent 
confidence interval on the basis that it's anomalous that the 


| risk should be so high in this study when in the same cohort 


it was lower in earlier workers, then you reduce that by 

| another factor of three or so, because the excess is a third... 

| Q. Okay. 

| a A. Finally, if you say, as was done in the 
Simpson Report, that in fact you only actually were exposed 

four hours a day, actually exposed four hours per day, per eight 

: hour day, which further reduces it by a factor of two, that 

becomes an excess risk of two percent, corresponding to 

| 25 fifty years at two fibers. 


The Simpson Committee said that the lung cancer 


| risk should be more or less doubled, and I think I agree with 
them. They say because of asbestosis. I would have said it 

was more because of mesothelioma in young employees. But anyway, 

| 1£ you double that, it comes tO rour percent. 

se The remarkable thing is that even having applied 
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A. (cont'd.) all these adjustments from forty 
percent toxtwo percent, none of whichis clearly .justified...I 
mean, it isn't at all clear that this fiber level adjustment 
is justified, the evidence is rather weak...to take the lower 
ninety-five percent confidence interval is very dubious, and 
it could be argued that when you are talking about a serious 
public health matter you should take the upper ninety-five 
percent confidence interval to be on the safe side. 

I can't comment on this as to people not in fact 
being exposed at the ambient level for most of the working day, 
when you have made a series of extremely optimistic adjustments 
which has reduced your risk estimate by a factor of twenty, and 
it's still double the estimate which the Simpson Committee comes 
Up: wen. 

The Simpson Committee comes up with a figure of, 
I think...2s itTdeubledrorsnor>? “Dim notesurce Factualiven They 
finish up with...what's the figure they finally choose...that 
may be the figure they finish up with, actually. I think that 
may be the figure they finally came up with. They said one 
percent. 

Q. Can you help us...I take it the ultimate 
figure you end up with is four percent, on the assumption that 
lung cancer deaths are accountable for half of the asbestos- 
related deaths? 

A. Well, I mean, I'm not sure that this 
succession of adjustments is correct, you see. The thing is, 
this estimate is what would be...if anybody else did the study... 
this is the estimate that they would present. When other 
people do studies they take the observed relative risk and they 
try and estimate what the corresponding health measurement would 
be, and compute on that basis. 

Q. You are giving the most favourable outlook 


to a lower standard, based on your calculations? 
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A. Yes. You can see how large the effect is, and 
it seems to me that this particular set of data should be looked at 
more carefully, because it seems to me to be rather important. 

Q. Can you perhaps take the Simpson Report...I 
don't know whether I took it back from you or not...and just tell 
us how that calculation compares with what they did? 

I'm sorry, I may have stolen it back from you. 

AY No, there itis. 

DR. WDUPRES Table thucty—e4 sa uceats that. you 
are directing us to, counsel? In the Simpson Report? 

MR. LASKIN: I think that's the environmental 
slide. 

DR. DUPRE: Sorry, table thirty-five. 

MR. LASKIN: We are still on table thirty-five, 

L take. its, 

THE WITNESS: A. The range of predictions in 
table two...table thirty-seven, isn't it? 

MR. LASKIN: Table thirty-five. 

A. Table thirty-five, yes. 

Q. Table thirty-five. 

A. The major predictions in thirty-five suggest 
that the excess lung cancer rate will be one percent after fifty 
years exposure at between nought point four and five fibers per 
ML. 

This would imply an excess risk of between two 
point five percent and nought point two percent at a level of 
one fiber per ML. 

I'm notksure sthathze' s#going ito "help “to “go through 
this verbally, and I think I might have to have five minutes in 
peace to write it on the board. 

MR. LASKIN: Sure. Why don't we take a break. 

DR. DUPRE: Shall we take a break at this time? 

THE WITNESS: Isn't it a bit premature for a break? 
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MR. LASKIN: No, no. I think it would be quite 


helpful. 
THE WITNESS: This is actually quite complicated. 
. MR. LASKIN: I think it would be helpful to us to 
have it. 
DR. DUPRE: So let's not take a break, is that 
what you are saying? 
MR. LASKIN: No, I'm saying let's give Mr. Peto 
a five minutes to work it out, and we'll take a break. 
DR. DUPRE: Oh, fine. 
THE WITNESS: I haven't summarized it. 
THE INQUIRY RECESSED 
THE INQUIRY RESUMED 
a MR. LASKIN: Q. Okay, just before you carry on, 
just so that we get a couple of things cleary’ Mr. Peto, first 
of all what you have done is an excess risk calculation of lung 
cancer at a two fiber standard, looking at it from the worst 


point of view to produce the most, I guess, relaxed standard? 
20 THE WITNESS: “A. Yes. 
Q. Now, before you tell us about what the 


Simpson Report did, I just want to make clear, the Rochdale 
calculation that is in table thirty-five in the Simpson Report 
is, I take it, your original mortality study that was done in 


1977 and which is in tab one of your documents in SYoneceL you? 


Be A. L165. 

Q. As I understand it from what you've told me, it 
is only..if we go...can we just briefly go to that so we know what 
is in, what we are looking at, what is in the Simpson Report in 
tab one? 

30 A. I'm not even sure that it...is it a breakdown 


Dees, e Yes, sure. 
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Q. You divide, in your original study, you've 
got five different cohorts, as I understand it? 

A. Yes. There is an observed over expected ratio 
of approximately two for lung cancer beyond twenty years. 

Q. Where do we see that? 

A. In table three on page 171 of tab one. 

Q. Table three, 171...Men and Women First 
Exposed 1933 to 1950 = lung cancer, thirty over sixteen. Is 
that the figure? 

A. Yes. 

Ove eTRe sthinty figure iw 

A, © "NO, TaCtually that siithe...well, if you 
combine the two, that thirty... 

Q. Includes mesothelioma? 

A. Includes five mesotheliomas. Women are 
included in this as well. I mean, have you got that paper 
that I had in the Lancet? rethink “wt etry... 

ORCsIt sitabsthreet 

A. Tab three. 

Q. Page 486? 

A. “Ina way, bits better ftoelookcat sthat.)\ rl mean, 
it's...yes, Okay. I mean, this paper, in fact, goes through all 
the sort of calculation that I'm talking about, in some detail, 
in that 1978 paper... It:talks about these models, in fact, for 
lung cancer and mesothelioma. 

QO. But in terms of what appears in table 
thirty-five for Rochdale, what raw data of yours is Dr. Acheson 
in the Simpson Report using for the purposes of table thirty-five? 

A. If you look at page 487 of tab three, there is 
a section taken from it for carcinoma. 

OSs GREGHG 

A. Okay? 

Q. Mmm-hmm. 
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A. It says that there have been fourteen lung 
cancers observed, six point five had been expected, which was 
a relative risk of about two, corresponding to a cumulative dose 
of the order of two hundred fiber per ML years. 

Okay? 

OF Okay. 

Ae Inatus: the basis of it. 

Q. Okay. All right. Now, what are you going to 
ao for us? 

A. Well, I'm just going to go quickly through 
the calculation which I think is on page 76 of volume one of the 
Simpson Report. It's tricky to follow. 

The thing is, the table that you. referred to, 
table thirty-five in volume two, gives a range of excess lifelong 
risk due to lung cancer alone which would correspond to fitty 
years exposure at one fiber, based on various studies, and the 
bighest of those ‘is the figure i limusorny...itis fiber. levels 
which would produce a lifelong excess risk of one percent, and 
the highest of those is nought point four fibers. 

There is also a figure of...there are figures of 
nought point two and nought point three fibers corresponding to 
different conversions for Enterline's data. For some reason they 
are not discussed. It's described in the text as a range of 
point four to five...point four being the unadjusted Rochdale 
data, and the five being the Quebec data with a conversion factor 
Of five. 

So in table thirty-five of volume two, fifty 
years exposure to give a lung cancer excess of one percent, 
there is a fiber range that they state is nought point four 
fibers per ML to five fibers per ML. 

This figure is the unadjusted from the Rochdale 
etuay, which 1S tab three, ntact. 

OQ. in Chews 


: A. From Rochdale. 
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A. (cont"d.)) The:waysthat.<1s yobtained is....in 


fact there was a relative risk of two for lung cancer. 


Q. Right. Take us through that sequence. 

5 A. The 1933 onwards Rochdale data, there is a 
relative risk of two for lung cancer. 

Q. That's your fourteen over six point seven five? 
A. This is lung cancer only. 

QO. Right. 

A. For lung cancer. 

g There is a relative risk of two at two hundred fiber 
per ML years. Therefore, assuming the excess is proportional to 
deaths, there would be a relative risk of one point two five at 
fifty fiber per ML years. 

Q. You get that by dividing the excess risk by 

7 four? 

A. Yess. The excess is:divided: That's true. 
That's an excess of one, if you like, so the excess is being 
divided by four to go from two hundred fiber years to fifty 
fiber per ML years. 

Q. It assumes a linear dose-response relationship? 

20 A. Yes. Since roughly ten percent of men in 
England die of lung cancer, a relative risk of one point two 
five would mean that two and a half percent, the excess if two 
and a half percent. Two and a half percent of men would be 
dying of lung cancer at one fiber. 

Therefore, to calculate the fiber level which would 

2 produce an excess risk of one percent, you divide one percent 
by two point five, which gives you this figure here. 

Okay? 
QO. No, no. I think you may have lost us. 
As l ihftpointsfourp.eiibers.. orf «four fibers ..for 
30 fifty years produces an excess risk of one percent, okay?, point 


four fibers for fifty years produces an excess risk of one percent, 
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A. (cont!d.) then, one fiber for fifty years 
will produce an excess risk of two and a half percent, and that's 
where this figure comes from. 

Okay? 

Gre GO Paschal. 

A. Is it okay? 

Oe OVE Se, 

A. I may need another coffee break in a minute 
LO See Li ve wgop iC rstraiant. 

Now, the counting procedure, because with graticule 
counting it's supposed to increase the fiber count by two, so the 
calculation that is gone through on...I think on page 76, volume 
one, in that part of the report....thne logic 25 roughly, that if 
there 1s a factor of two for graticule counting, then the 
relative risk would be reduced to one point one two five. 

Okay? We are talking about fifty fiber years 
from now onwards. 

O. sOkKay. 

A. Those are the original data, and then this is 
the conversions. 

So that would make it one point one two five. 

You would halve the excess. 

O. OKAY. 

A. Then if you are only exposed for four hours a 
day at that level, or the average level is considerably lower than 
the actual maximum level, then that reduces...it halves the 
excess again, and gives you a relative risk of one point zero 
six two five, which corresponds to a risk of sort of point 
six two five percent for lung cancer. 

They then doubled that to include other causes 
of death. [t's slightly vague, .buc 11 t. S15OIng tO. 'be- about  rignt;, 
and said therefore that fifty years at one fiber will produce a 


lifelong excess risk of the order of one percent or less. 
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A. (cont'd.) Okay? So the final calculation 
is that the excess risk for lung cancer is going to be...and 


this is the upper limit of risk, this is the highest estimate of 


risk in the Simpson Report...this is the highest risk estimate 
corresponding to one fiber per ML for fifty years. 

Now, as I say, this is all based on sort of 
historical guesses of dust levels, and the retrospective cohort 
study. Finding normal criteria in the later part of the study 
ie is better both because the dust levels are measured throughout it, 
which they weren't inthe first part, and because it was a genuine 
prospective study where we established the cohorts and followed 
them forward. 

In the second part of the study, the actual observed 
and expected numbers, as I say, were eight over one point six 
15} expected beyond twenty years, which gives a relative risk of five. 
The best estimates of the original measured levels would give a 


cumulative dose of the order of a hundred fiber years. 


As I say, if you do this...which would...hang on 


a minute...so in 1951 onwards study, the relative risk...this is 
again for lung cancer only...equals eight over one point six two, 
20| which is roughly five, at a hundred fiber years, which would be... 
that's an excess of four, if you like, so that would be...which 
would be three at fifty fiber years, to correspond to this, 
fifty fiber years. 
Q. How do you get to that? 
on A. Just halving the excess. I mean, that's 


this relative risk minus one, which is supposed to be proportional 
for the risk and cumulative dose. 
So it would be relative risk to the order of three. 
So taking the data at face value, if the membrane 
filter samples are taken in the way that they were from sort of 
30; 1961 to about 1970, it would seem that a hygiene standard of 


one, that was applied all day long, would produce...or was taken 
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A. (cont'd.) as an average value...would produce 


a relative risk of three for lung Cancer, according to these data, 


which would 


be a lifelong risk of the order of twenty percent, 


which is considerably higher than the half of a percent, point 


six of a percent, that is given as the highest possible risk 


estimate in 


the Simpson Report. 
Q. In the last part you lost me when you talked 


about a lifelong risk. How did you get...can you just explain 


10 that? You got from three to twenty? 


therefore a 


die of lung 


A. Sorry. Ten percent of men in Britain die of 


lung cancer, and the relative risk is fairly stable over time, 


relative risk of two means that ten percent excess 
cancer. That means that there's twenty percent 
ten percent dying of lung cancer. 

A relative risk of three means thirty percent, 
ten percent. 

So it's an excess of twenty percent. It means 
order of twenty percent of people are dying of lung 
result iofvexposurey 

Q. What is the comparable figure, taking the 
in the Acheson/Simpson Report? 

A. Just over a half a percent. 

Q. That's a lifelong risk figure? 


A. Yes. It's a relative risk of one point 


eight six two five instead of a relative risk of three. 


rather than 
15 

rather than 

that of mthe 

cancer as a 
20 

calculation 
25 
30 
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Q. That produces a lifelong risk of how much? 

A. Point six two five percent. 

QOuntRather rthan?. 2! 

A. Rather than twenty percent. 

Qs -.-twenty percent. 

A. As I say, when you go through this...even if 


you go through this process of using the adjusted, the revised 
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A. \€conttd.) “dustSlevyels) @hich is reduced by a 
factor of three, taking the lower ninety-five percent confidence 
interval, which reduces it by a factor of about four, and then 
halving it for the four hours a day, to two percent, you are still 
well above the highest estimate of risk that is offered in the 
Simpson Report. 

Q. I guess my next question is really, what 
Specifically then do you take issue with...what I'm thinking of 
is the paper that you published in 1980 in which you did this 
calculation, I take it, was not available to the Simpson Report 
when it did its risk calculation? 

A. Yes. 

Q. So you say they should have used different 
data from the 1977 paper, and done a different Calculation? I'm 
not sure what you are suggesting. 

A... (No, Ident think that -the®. 27 “think ‘that with 
the data that they had available, the estimaces are reasonable. 
But..I mean, I think there were errors in the report.  -L fthink 
they assumed too firmly that mesothelioma isn't Caused by 
chrysotile, and I think the weight of evidence suggests that it 
is. 

Q. I'm going to come to that in a moment, but 
just sticking... 

A. But as far as lung cancer goes, I think that 
this is reasonable. The fact that they took a range of estimates, 
the other end of which I think is quite unreasonable, is rather 
beside the point. I mean, the thing I take issue with is really 
a matter of presentation rather than scientific content, because 
they produce a range of risk estimates and this is the highest of 
them. 

O., «The ‘calculations... 

A. If enough of this is the estimate under these 


conditions...I mean, assuming that this courting adjustment and 
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A..(cont'd.) the four hour adjustment are 
correct, and I can't comment on that, it depends on the way the 
standards are enforced. 

I mean, if the standards are interpreted as being 
maximum which are not to be exceeded, that would be reasonable. 
But if they are interpreted as being averages, time weighted 
averages, which is what these measurements are, then it wouldn't 
be reasonable, of course. 

10 L.mean,.there.is a factor of two for a four hour 
day, based on the assumption that the average would in fact be, 
the time weighted average where people work would be considerably 
lower than the actual hygiene standard, and that's a matter of 
implementation. 


But in practical, terms, I mean 1 think that this 


15 estimate may, you know, subject to these provisos, may be 
reasonable. But since the further data produce a risk estimate 
which is very much higher...very, very much higher...as a point 
estimate, and more than double...even if you make a very large 
series of adjustments you still finish up with a higher figure 
from that one. 

oo It seems to me that that estimate is wrong. 

MR. LASKIN: Did you have a question? Please 
interject. 

DR. DUPRE: Well, I was just asking my colleague 
whether he had joined the navy as I felt I just had. I ama 

25 1ittlecsbit st seasat this opeoint, il omisticontess:. 

DR. UFFEN: At. the risk of belabouring this too long, 
where I got lost was when you went from relative risk of one point 
zerol,six two five.i oThe nextulines. 

THE WLIINESS tigate SOLrtry.s The thing is, incBritain 
in at the moment... 

30 DR. UFFEN: In what? 
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THE WITNESS: This whole thing is predicated on the 
fact that the effects of asbestos multiply with smoking, and in 
Britain, among men, ten percent of men die of lung cancer. Soa 
relative risk of two means that you have doubled the lung cancer 
risk, and therefore... 

DR. UFFEN: In other words, if you wrote a little 
remark in there between going from that line to the next line... 

THE WITNESS: Yes, I'm sorry. 

DR. UFFEN: And how you got to the zero point six 
two percent. 

THE WITNESS: I mean, ten percent, approximately, 
of male deaths in the U.K. are due to lung scancer. “As I say, 
this is going to reduce in the future because there has already 
been a substantial adjustment in the tar level of Cigarettes, and 
lung cancer rates are now dropping in Britain. 

So in fact there is a slight revision of these 
data, of the order of thirty percent. But, I mean, that's not 
certainly a factor...therefore, a relative risk of two implies 
an excess of ten percent. 

In other words, that ten percent of men die of 
lung cancer as the result of asbestos exposure. I mean, the 
relative risk of two implies twenty percent of deaths are due 
to lung cancer, which implies that there is a ten percent excess 
due to asbestos. 

So all the way through the calculation, whatever... 
you subtract one from the relative risk and multiply by ten 
percent to halve the €xcess wisk,~ besically.e sO that if you've 
got a relative risk of three, that implies that there is a 
twenty percent excess. 

DR. UFFEN: Would you like to write that down? 
Subtract one from the relative risk...and multiply by... 

THE WITNESS: Yes, the excess risk for lung cancer 


is roughly equal to the relative risk minus one, times ten percent. 
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THE WITNESS: (contd.) That's true all the way 
through, so a relative risk of three means twenty percent, so on 


Banas sortorthe 


8 MR. LASKIN: Q. I don't know whether I'm complicating 
it, but I find it of some assistance to look at table twenty-four 
A in the Simpson Report, which... 
THE WITNESS: A. This is a subset of the other table. 
Q. Redone. 
10 A. Yes. 


Q. And it seems to me that that lelps to show, to 
put the excesses in some perspective. 

Does everybody have table twenty-four A... 

A. Yes, table twenty-four A on page 77, volume 
one of the Simpson Report. 

15 Q. That I take it, Mr. Peto, does show that the 
Rochdale data taken on their face produce the highest excess 
mortality calculation from lung cancer? 

PEO Yesie ingwact, WMimean, that Tinks up. If 
you look at the title, whatever it is, the paper I had in the 


Lancet in 1978, which was in fact a submission to the Simpson 


20 Committee, that calculates a lifelong risk due to lung cancer of 
the order of five percent. I think the figure is actually four 
percent, but it's a lifelong risk of that order, associated with 
a two fiber standard. 

O..0 Okay.ay What...1 take) it ‘that another way of 
25 looking at table twenty-four A is to say...another way of looking 


at the calculation is that the Simpson Report took table 
twenty-four A and made two further assumptions - number one: 
the counting method, and number two: the average exposure would 
be not eight hours a day, but four hours a day, and therefore 
calculated a range of excess mortality which had its high end 

30} your Rochdale data, and which had its low end...I take it...the 


be 


Quebec data? 
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A. Yes. 

Q. And felt that somehow in the milieu of the 
average of that range that the one fiber standard seemed 

5 acceptable. 

Ae WXCss 

QO. iI take it that one of your, comments is that, 
given what you've said about the other studies and the Rochdale 
study, that perhaps they ought to have focussed on the Rochdale 


data and looked at it more particularly? 


he A; “Well, certainly for textile workers. I mean; 
I think it's a questimof whether you can expect the same 
relationships to be found under other industries. It's a 
difficult one, because it seems that...it seems quite likely 
that textile processing produces finer fibers and carries a 

15 Lge Lr Vek. 


As I say, it would be absurd to assume that 
these predictions should be applied directly to Canadian miners. 
Because the evidence just doesn't support it. 
Q. How far do you take that? Do you take that as 
far as to suggest that one should be looking at regulating different 
20; industries differently, within the asbestos industry in general? 
AS Iedon*t know. I°m sorry that I can’t, ask 
questions of the audience, because I don't know to what extent 
fiber dimensions have been looked at in different industries, 
and particularly in mining. 
Il think that these... ..h mean, . .'m sure. that 
- the better studies would show some substantial differences in 
the fiber length and thickness which would make these apparent 
anomalies less anomalous. 
Q. So just to sum up what your view of this risk 
assessment in table thirty-five and then at page 76 of the 
30 Simpson Report, I take it you accept the fact that they didn't 
have the updated mortality data that you have shown in 1980? 
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A. Yes. 

Q. They really only had the data that was 
available to them. 

A. Yes. 

Q. But what you are attempting to demonstrate 
is that, first of all the way they presented it, you have some 
concern with that, and secondly, perhaps their failure to 
specifically look at Rochdale, especially for the textile industry, 
10 and to take into account mining and whatever else when they did 
the calculation? 


A. Yes. It's peculiarly anomalous, because it 


1s actually, as I say, it is the factory that was selected as 
being the basis of the current legislation on asbestos. It would 


seem an appropriate place to go on looking, unless you can find a 


> data set that is demonstrably better. 
It seems to me that the other ones that they 
used would be worse. 
O. Can we turn-to your second... 
DR. MUSTARD: John? 
20 MR, LASKIN: Yes. I’m sorry, Dr. Mustard. 


DR. MUSTARD: Before you...you are switching 
the subject now, are you? 
MR. LASKIN: Yes, but by all means carry on. 
DR. MUSTARD: Well, it would help me if you 
would clarify whether, in table five at tab ten, which is your 
25 lung cancer excess risk calculation that you handed out today... 
THE WITNESS: Oh, yes. 
DR. MUSTARD: Where you have that one fiber per 
ML for six years, whether that calculation is based on the 
assumptions that you have been showing us, the revised dust 
figures? 
a THE WITNESS: No, I think I used the estimates 


and excesses in relation to the U.S. insulators inthat. 


/76) 7540-1171 


Dy) AP he 


sedate at | sectigepe wh any 4 

anos saved NOY. 2h besnseexq yods 

od atmliei tied? equdzeq , x! ooee | 
\Yisaubai elttved end 10% yiteooqes yf , . 


bib yes asiw sale tovedadw’ “4 phate snvoges ©: | 
¢ 


Jt sausoed ,evolamoas iatd ele afin pi 

26 betoalos aaw stadt ytotost si? at Do 

jiuew 2f ,gotasdas a0 nolisietpel JaSTIWD 8 2 

é bat? nso poy eselay .patstool mo Ob o¢ catia mi, 
tested yldexdanonad et sedt 

yorlt Judd aoe redzo ad add om oF asin i 


oc Bhwo 
..,bacowe Woy O90 a aa a ' 
chriot :GaaretM « Pi nega 
-Dr679OM .20 ,ytx0e mT .as¥ wT AaA ca 


patdodiwe WIS fOY,..WoY sTo2ed OTATSIM a 7 re y 
i 

MO YTIRO aso Ile ud jad eet eKENCAt, A aus wens : 

woy th oor gion bluow af Lisw  x¢ 

roy af dotdw ,det det ts evr | Le 
«+ +-YSbot too bebasd woy sant roti 


mt ll‘ a te oe pee 
ad? no Seuad mh nel? 


- 123 - Peto, in-ch 

THE WITNESS: (cont'd.) That was meant to be 
illustrative rather than definitive. I mean, that was to 
illustrate the methodology rather than to produce results. 

DR. MUSTARD: Do you know what impact on this 
calculation would be created by using those assumptions that 
you have just described for us? 

THE WITNESS: It wouldn't change them grossly. 

Yes, it was based on the assumption that the 
‘0 relative risk of six was produced by cumulative dose of six 
hundred fiber years, and... 

DR. MUSTARD: We have fifty fiber years. 

THE WITNESS: The calculation on the Simpson Report 
is based on an excess of one or two hundred, which would De... SOLLy, 
two at two hundred would be four at six hundred, and the excess 
15) would be multiplied by three. So it's quite comparable, in fact. 
It's comparable. Those calculations are comparable to the data 
based on the original Rochdale study, and comparable to those 


figures. 


If these figures are correct, that would tend to 


increase these numbers. 


ey DR. MUSTARD: By a factor of about three? 
THE WITNESS: Well, it depends which part of 
that column for forty percent to two percent you choose to use. 
I must say in relation to schools...I mean, my 
understanding is that the fibers that are found in those sort 
9, Of circumstances are less likely to be dangerous. I mean, I 
think that the fibers that are counted tend not to be very 
long ones, which are thought to be the most dangerous ones. 
so. Il think that estimates of risk of that sort, 
if anything, would be exaggerated in that sort of context. 
I’m not sure rot that, buts um tuunik that .6 true. 
30 But in any case, the actual calculated risks are 


very low, so I mean ...the actual fiber measurements are what 


i 
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THE WITNESS: (cont'd.) they are and public 
buildings tend to be low. 
MR. LASKIN: Q. Can.I ask you this one other 
5 question on all this calculation? Are you also suggesting 
that the Simpson Committee or Dr. Acheson should have put 
confidence intervals on their risk assessments, in the same way 
that you did when you made your calculation? 
THE WITNESS: A. I don't know really. I mean, in 


aesensehit isn't the point. As you can see, the errors in these 


a0 calculations are literally orders of magnitude. 
OvevcExactlLy: 
A. So in a sense, whether the confidence limit.. 
if you are wrong by a factor of three or four, there is a 
Statisticahiufluctuation: 
Ae In other words, if the death rate is four percent 


rather than one percent or point two five percent, it doesn't 
really add up to a row of beans because the errors in the 
assumptions that you are introducing are larger than that. 

I mean, it is an extraordinary situation. I 


gGdon*tiknowf. ¢lacansi& answernthatequestion.vil don'tethinksat 


20| would be reasonable to legislate on the most pessimistic 
possible assumption, because there could hardly be one. 
Nor do I think it's reasonable to legislate on 
the most optimistic assumption. 
Q. Is that what you suggest that was done in 
the Simpson Report? 
2 A. Not really, no. I mean, as I say, those are 
calculations based on the Rochdale data, which did produce 
the highest risk estimates anyway, and the later study wasn't 
available at that time. 
Q.maTheh reason, I’mejust tuying,toninguiresis 
the reason you put confidence intervals, and I take it it was 


30 
just to demonstrate the point that even on one view of the 
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Q. (cont'd.) situation you still produce a figure 
that is several magnitudes higher than the figure in the Simpson 
Report? 
5 A. Well, I mean the numbers are extremely small. 
I think we ought to emphasize how small they are. 

Q. Fair enough. 

A. It's useful to point out that they are as 
big as that. 
se But I mean, the actual estimated excess changes 
by a factor of three or four purely as a result of fluctuations, 
leaving everything else aside in that calculation. 

Q. Let's turn to the second point that you made, 
which was your conclusion that chrysotile has rarely caused 
mesothelioma, and the Simpson Report ignored this disease in 
15} the risk assessment calculations. 

I know you have spoken about that to some extent 
this morning, but could you perhaps elaborate again now? 

A. Broadly speaking, as I say, with the notable 
exception of that one study by Rossiter in the English dockyard, 
which is in the Lyon proceedings, the ratio of mesothelioma to 
20 excess...pleural mesotheliom...to excess lung cancer is more or 
less the same irrespective of what you are exposed to. 

I mean, there aren't large differences between 


different fiber types. 


So for example, there is a fundamental illogicali ty 
of in the assumption that is really quite explicit in the Simpson 
Report, that mesotheliomas which had occurred at Rochdale had 
been due to relatively minor contamination by crocidolite. 
Since in people exposed to crocidolite the ratio 
of lung cancer to mesothelioma...excess lung cancer to mesothelioma... 
is more or less the same as it is in other cohorts;/atuwould be... 


30; well, you would in fact be obliged, if you accepted that hypothesis, 
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A. (cont'd.) to assume that all the lung cancers 
are also due to the minimal contamination of crocidolite, and 


to ignore all excesses in chrysotile population. Since you 


5 observed crocidolite miners and find that their excess lung 
cancer to mesothelioma ratio is more or less the same as that 
observed at Rochdale, or for that observed in the Canadian 
mines for that matter, I can't imagine there is a great deal 
of crocidolite in Canadian mines, Canadian chrysotile mines, but 
it would be logical to ignore all excesses of cancer in any 

ve Situation where there had been any crocidolite at all, if you 

follow the logic on that...which they didn't do. 

Tiysecms, tO°me) thats youl vei got: tomlookwat it 

more formally. As I said, when you find that the ratio is more 

or less the same irrespective of what people are exposed to, and 


in particular when you find that the absolute incidence of 


15 
pleural mesothelioma is very much the same in situations where 


there) was) very little crocidolite, certainly was itewas jin 
populations that had been very heavily exposed to crocidolite, 
it seems to me very unlikely that those mesotheliomas have been 
caused by crocidolite. 
20 On top of that, of course, there is the animal 
evidence that it's fiber dimension rather than type that 
matters, and in fact that chrysotile is at least as likely to 
cause mesothelioma as crocidolite. 
And finally, the evidence that chrysotile migrates 
preferentially tothe pleura, ithat; if you look.at the dung samples, 
-. if you look at the lung parenchyma, you find virtually no 
chrysotile. Chrysotile disappears from the lung parenchyma. 
Most of the studies, the lung tissue studies, 
that have been done in England, are really not of much value 
for that reason, because Sebastien and the group in France 
30 have shown...they showed five years ago that you get a 
preferential migration with chrysotile to the pleura, and that if 
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A. (cont'd.) you look at the ratio of chrysotile 
to crocidolite, you find that the high ratio in the pleura, you 
find an excess of chrysotile to amphibole in the pleura, and 
5 a virtual absence of chrysotile in the lung parenchyma. 
Q. In mesothelioma patients at autopsy? 
Ae (Ves. In general, Dut in part itoular in 
mesothelioma patients. 
That's on page 237 in volune one of the proceedings 
Of yEne... 
Ley Q. The Lyon conference? 
A. The Lyon conference, yes, on page 237 there 
is a paper by Sebastien, Johnson and Gaudechez, and they show 
in that paper that the fiber concentrations of asbestos in 
the lung parenchyma and the parietal pleura are virtually 
15 uncorrelated... i think, I'm notysure Af ite in this paper or 
another one, that “the...oh, yes-..on page 240, figure two of 


that paper, there is a graph which shows the percentage of 


fibers which are chrysotile type, and found inthe lung and the 
pleura, and in the lung they vary continuously from sort of 
nought to a hundred percent. Whereas the great majority of 

20) fibers found in the pleura are in fact chrysotile. 

So if anything, I mean the animal evidence and 
the physiological evidence would tend to suggest that chrysotile 
is more, rather than less, likely to cause pleural mesotheliomas 
than crocidolite. 

I don't think that's the case, because as I said, 

2° the epidemiology suggests that they are more or less the same, but 
to assume quite firmly that it doesn't seems to me unreasonable 
on the basis of the evidence available. 
Q. Assuming... 
A. I should add that in fact that's a view which 
30 is generally held in the States. I mean, it's a peculiarly 


English interpretation perhaps because our asbestos industry is 
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A. (cont'd.) more devoted to chrysotile than 
yours is. I mean, most people, I think, in America, would agree 


with that interpretation. 


8 Q. The view that you have put forward? 

A. Yes. 

Q. Taking your point for the moment, how then 
can you then tell us how mesotheliomas should have been included 
in the risk assessment that the Simpson Committee made? 

“K Be En the wayvtthatplodid nithate wine cab three. 


I mean, that paper in the Lancet. That aspect of it was ignored 
in the Simpson Report, but if you look at the footnote on page 484, 
you will find that this was a report presented to the Advisory 
Committee on Asbestos, June 28, 1977. 

Q. Tab three, which is before us then, was, in 
15 essentially this form, submitted to the Simpson Committee? 
aed CS 
Q. As you say, essentially ignored by them? 
A. That aspect of it was, yes. 
Q. Where do we find the manner in which you took 


mesothelioma into consideration? 
20 


A. There is a section on page 487. I would not 
suggest that this paper, in itself...the methodology is 
appropriate, but I think the data that I showed this morning 
which shows that the ratio of mesothelioma to lung cancer in 
virtually every substantial cohort study is more or less the 
25 same. I mean, this was based on five cases, when I wrote this. 

That's how many cases we had in the cohort at that time. 

I mean the fact that the models that I suggested 
in this paper are borne out in great detail by the two hundred 
and thirty-five cases which, among American insulators, and the 
consistency with the other studies that are reviewed in whatever 

Mir paper it is, tab ten ,or whatever 31 is, Luméan, L think that 


the evidence that this is an appropriate way of analyzing 
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A. (cont'.d). it is rather-strong there. 
Q. Your conclusion at the top of page 488 was 


that there was a lifelong attributable risk to a person exposed 


° to one fiber per cubic centimeter of approximately two percent? 
A. Yes, that's certainly approximately correct. 
I think it may be slightly too high, but I would need to 
recalculate it on the basis of the other studies that have 
become available since then. It's of that order. 
10 Q. So...and does that figure, given the caveats 


that you, yourself, have placed on it, but is that figure then 
comparable in terms of the point six two five percent figure, 
lifelong risk for lung cancer? 
A. Well, in fact we finish up with more or kss 
the same answer as the Simpson Report, in which they doubled the 
15 lung cancer predictions to allow for asbestosis, and I would 
double them to allow for asbestosis and mesothelioma combined. 
O. Iasee. That. s what t-was. getting to, 
A.’ SO, Jsmean, thatvaspect of 1c, 1athink ‘they 
got the right answer for the wrong reason. 
Bute LD think we sesigniticant inaterms.of,...2t's 
oo obviously particularly significant in terms of childhood exposure, 
but it may also be significant in the future. 
I mean, I hope that people will give up smoking 
in the future, and if they do, mesothelioma would be the...you know, 
would constitute by far the majority of deaths caused by asbestos. 
25 Both asbestosis, as well as lung cancer, is largely confined to 
cigarette smokers. Asbestosis mortality among asbestos workers 
is very much higher for cigarette smokers than nonsmokers. 

Q. The ten percent background rate of lung cancer 
in Great Britain, which isi part of that calculation that you 
did, is that a calculation that includes cigarette smoking? 

30 A. Oh, yes. I mean, that's the gross rate in 


Great Britain. It's of the order of fifteen percent in cigarette 
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A. (cont'd.) smokers and, fifteen to twenty 
percent in cigarette smokers, and virtually zero in nonsmokers. 

Q. Could ”*you update*us yourself as to what the... 

A. I say virtually zero. I mean, it*s very much 
lower, less than one percent among nonsmokers. 

Q. What is the present...looking back over time... 
what, up to the present, is the mesothelioma experience in your 
Rochdale cohort? 

10 A. In our cohort...well, it's described in that 
paper in the Lyon meeting. There were, I think, a total of 
fourteen cases, including a cohort of people who were exposed 
before 1930. 

Imean, Tt 32Sn ct useful from that point of view. 
It's too small. 

15 Oo" "But as Y “understand it, the cohort that 
you looked at for your mortality studies, which varied between 
a thousand and down to seven hundred people, I take it is only 
a small part of the total number of employees at Rochdale... 

AT Yes. 
Ore VeeOVer mone vyearsr 

20 Rv "Yes, coat s right. 

Q. I think you told me that there were thirty-five 
thousand employees at Rochdale in the complete number? 

As LOS. 

Q. Can you tell us...what I'm looking at really 
25 is your tab three, on page 488, where you discuss brief or 
nonoccupational exposure. 

A. “Yes. 

Qo “FP Tote “Ehat up to the end of 1975, you say 
there have been ten cases of pleural mesothelioma among 
approximately twenty thousand men first employed in the factory 
30, after 1933. 

ne Vas. Tie Majority OL ine cases, 1.1 -Lact, 
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A. (cont'd.) were employed before that time, 
the majority of them had been employed before 1930, so they were 
really of no value at all from the point of view of risk 
5 estimation. 
So, I mean, I think it's only since 1933 that 
the employment records are reliable and one has any idea of 
what sort of exposures people had. 
It's interesting that all of them have been 


pleural, though. I don't think there is a single peritoneal 


ye mesothelioma among more than forty cases, I think. 
Q. Is it still true, as you indicated at page 
488, that only one of those cases occurred in those persons 
employed for less than two years? 
A. I think that's still true, yes. I haven't... 
iF can you give me that page of the study? 
Q. Tab three, page 488. 
A. I think that's worth mentioning. I don't 


think there is any evidence...in fact, I think all the evidence 
goes the other way. I think that the minimal exposure is 
disproportionately dangerous. I mean, there are anecdotes of 
20 people exposed to asbestos one day and got mesothelioma, and 
I think the study that we did in Los Angeles...and studies 
that other people have done...studies by Alison McDonald 
done in the U.S. and in Canada...show quite clearly that 
there are mesotheliomas occurring in people, which are apparently 
not due to asbestos. I mean, there were mesotheliomas in 
i people who don't have heavy lung dusts, and absolutely no 
history of exposure to asbestos. 

To assume on the basis of anecdotes that people 
who drilled a hole in an asbestos roof when they were twenty, 
who get mesotheliomas fifty years later due to that exposure, 
I think it's completely unreasonable. I shenkeLeAsavery 


30 
unlikely that the effect of brief exposure is more than proportional, 


| 
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A. (cont'd.) and the majority of cases seem to 
be occurring in people who have had fairly substantial exposure. 
Q. Are you suggesting then that there are other 
5 factors which we may, or other substances which we may not yet 


have been able to identify, which are in some cases responsible 


for the mesotheliomas? 

A. I would guess that it's a natural disease. 
I would guess...I mean, just as lung cancer is a disease that 
people get spontaneously, I would guess that mesothelioma is 
ie a disease that people get spontaneously. But I mean, it is 
difficult to be sure. 

But as I say, the fact that the age distribution 
of unexposed cases is so different, and the fact that the 
incidence is more or less the same in men as in women, suggests 
that it's simply a spontaneous cancer. 


15 
Q. In your Los Angeles study, where I take it 


you found a substantial number of people who had mesothelioma 

for whom you could not attribute an asbestos exposure, did you 

or your group make any further inquiries to see if you could 

ascertain what may have been the cause of the mesothelioma? 

20 A. No. I mean, the majority of interviews weren't 
with the cases. Obviously the cases had died, and the majority 
of interviews were with next of kin. 

There were a number of cases where you couldn't 
get satisfactory information and we simply excluded them from 
the analysis. The fifty-five, there was as definite a statement 
5 as you can get from a next of kin, that there had been no exposure. 
Q. Fifty-five cases of mesothelioma? 
A. There were fifty-five cases in...that's, as 
I said, that's not reported in the paper. I've got only 
forty-one in the paper that I presented, because those are 
30 1974 to 1978 cases, but in fact including the 1 O25, ALO73: and 


1979 cases, there were fifty-five. 
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QO. I just want ico) understand this... En) your 
study of Los Angeles County, you... 
| A. There were fifty-five out of a hundred 
5 and eighty-eight cases that were initially interviewed, who were 
reported as having no exposure to asbestos. 
DR. DUPRE: Counsel, could I go back to the 
original question that started this latest part of the dialogue, 
which, as I recall it, dealt with the number of mesotheliomas 


found in the Rochdale cohort. 


10 One answer that came back, if I recall correctly, 
was forty? 
THE WITNESS: I don't know the exact number, but 
there have been more than forty all together. That was given 
as evidence by Turner in New Orleans, back to the English 
te Advisory Committee. 


DR. DUPRE: The main source of my confusion is 
whether we are looking at the Rochdale 1°33 cohort, as I will 
call 1. "2 

THE WITNESS: No, no. No, these are people 


who have worked in that factory, or certain other factories, 


20 and as I say, the majority of them in fact had been exposed 
prior to 1933, and the employment records are so incomplete 
that it's really very difficult to do any sort of useful 
epidemiological analysis of them. 

DR. DUPRE: What about the Rochdale cohort 
that is post-1951, with ten or more years of employment. Am I 


2, correct in remembering that cohort... 
THE WITNESS: Yes. 
DR. DUPRE: ...with that description? 
THE WITNESS: . Yes‘. 
DR. DUPRE: How many mesotheliomas have 
30 materialized in that cohort, the 1951 with ten years of exposure? 


THE WITNESS: Up to the time of the last 
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THE WITNESS: (cont'd.) followup, there hadn't 
been any. 


There is a calculationinthat paper, if I can find 


it...yes, on page 831 of tab seven. 

DR. DUPRE: Tab seven. Page? 

THE WITNESS: Page 831. 

DR. DUPRE: Page 831. 

THE WITNESS: It points out that there haven't 
been any cases so far, but in fact applying the incidence rates 
that were observed in successive five year periods since first 
exposure, only nought point four cases would have been expected. 
So the fact that none had occurred would not have been very 
Significant. The followup is too short. 

In fact, there is...I happen to know that there 
is one case diagnosed a month ago, in among those first exposed 
in 1959 wed» heardtabout! that aheedotaliv. it Iitdoubtwitethere is.. 
well, in fact I would be very surprised if there has been a 
mesothelioma death, because we get death certificates routinely 
fairly quickly. 

As I say, one in fact has been diagnosed. 

DR. DUPRE: So there is now, the first case, 
apparently, has been diagnosed in the cohort... 

THE WITNESS: I'm very reluctant to put this on 
the record, because I discovered this personally and the man is 
still alive. 

DRoe DUPRE :TGOBuththishtsnantthe cohortuot 2951 
employees... 

THE WITNESS:® Yess 


DR. DUPRE: ...with ten or more years of exposure. 
MR. LASKIN: Q. Can I ask you, acceptingthat there 


is apparently some divergence of opinion as to the amount of 
crocidolite that may have been used at Rochdale over the years, 


is there any consensus as to the time period when it was used, 


7540-1171 


\ 2 a WE}. te wees th 
ere Sy a 7 
| do~ak: i «A le all pet: can i 
+\nbed exeds hem (-B'g92) | ae 
) Rb Prune a tie " vom 
ners’ tee T Pk nant Cet eee ; nna) 
ay eves det Be y 
5 it caine panty Ore: maud 

Ls i. LER. epee: canamene: 
; te com xan | 
+'neved exedd tadt tuo atatog 2% eRRSMEEM aE 
asist aonabiont od? pniylegs dost af tug 362 08 
att? vsonte aboiysq 1e8y evil ovieseooun sk bevxeade 
-bagceqxe nead svad Slvow eaass 2u02 dnteg adyeon yh 
vas’ need evad gon blvow Bexwone: Bed sted red + 
-d1od# ood ab * 
ex9h¢ t8f9 word of neaqqed I. ak otedt ere tee 
bexoqxe tari? szonds paomsak (ope ‘2am a Renenijals palit 
.af etait? 1 tduodt- yl fsdoboena: tact Juods bxsed) Toe 
# teed es eteds 31 Seeligzwe yréy sd bivow E —s 
yfonivox ingermnain: stineb-soGion See sn 
a ee oe. 
-besoapaih snuivinn oahlas ono yes Bh, ey | 
.2089 Jexit.odt ,wom at axed o8 geneld “Lad Be 
. +. :9uedoe sdx mb Beeotpsth as atau sill 
no lalits $uq 93 Jastoulex yrev mtd ‘ezavnrw SHT | Sakis: ol 

ni com ort? Bas yilenvaseq eidt Sexevoogib\T eatssed \Sxsees én 

oo) i vray ase ip eae ae See Aer 

[2€f te tro100 et, ma at abit? tua § dS ree ieee 
eo 
Sk ete 
. Sta0gxe 26 Bis9Y 9tom to met dtiw... Sa 
sient jadd prisqoocm | woe des Taso") .Q smrnes 
to snvoms ett oF et Molaige 20 sotte 
axs9y ste tave sheiivod 4a: Bemmn med 
heavy 284 Ji apdw bolted" emia oft of ees 


7 


a 


i. 


lead : 


ae 


10 


15 


20 


25 


30 


6/76) 


Bt LS IS tite Peto, in-ch 

On COnt cd.) peitvat alle mean, can. we asolete 
a time period when only chrysotile was used? 

A. No. I mean, the evidence is completely 
anecdotal. When the cohort was first established we were told 
that no crocidolite had been used there, and then that information 
has been revised successively. You will see in the footnotes 
to the Simpson Report, I mean anecdotal remarks by Dr. Gilson, I 
plik byl Saves 

QO. Yes. I'm looking at the footnote on page 
tLWenty=six Or Dr. Acheson Ss T,réport, i. sO. dc Suits 

A. Yes. I mean, the information is completely 
anecdotal. The estimates that are used in that vary from 
sort of virtually nothing to hundreds of tons, and. think 
possibly more recently. As I say, it's a very small proportion 
of the fiber that was used, but I mean quantities are said now 
to have been substantial and it's difficult to know how to 
verify it. 

Q. Has anyone inquired into the corporate 
records as to whether there were imports of crocidolite? 

A. Not as far as I know. 

As I say though, I think the best evidence that 
chrysotile causes mesothelioma comes from the Canadian chrysotile 
mines rather than the work in Rochdale. 

Q. Just one further question on your Los 
Angeles study. Have there been any autopsies done on the lung 
tissues of those persons for whom the next of kin could attribute 
no asbestos exposure, in the mesotheliomas? 

A. Yes. That*s an interesting paper. Infact 
the...it's not autopsies, it's pathological review of the material, 
and it seems that the diagnosis of mesothelioma is being queried 
in a substantial proporition of them. 

I haven't seen any detailed data on it yet, but 
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A.) (cont'd.) it seems...it"s difficult to 
interpret. Unfortunately, the review wasn't done Dlindweiso it's 
impossible to be sure whether or not the fact that someone was 
known not to have been exposed to asbestos, or that their lung 
didn't contain asbestos fibers, influenced the pathologist, and 
the study was actually arranged in a rather unsatisfactory way. 

As you probably know, there is a considerable 
divergence between pathologists. I mean, even UICC experts 
10 sometimes range from the A coding, which means certain 
mesothelioma, to the E coding, which means certainly not’. 

The issue of mesothelioma in people not exposed 
to asbestos I think is an open one, and I wouldn't like to 
draw any firm conclusions about it. As I Say Pare snct 
particularly relevant for your purposes, and I think it's 
ue sort of a scientific question which isn't really resolved, 
what proportion of them are genuinely mesothelioma. 

Q. I wonder if there are just two other 
points you could clarify for me in respect to your last mortality 
study, the 1980 paper at tab seven? The first one is, could 
you just clarify and explain the table which is table three at 
the bottom of page 832? 


A. Yes. This was a comparison of nominal 


20 


exposures of the...the estimated exposures of the people who 


died of lung cancer, the eight cases who died of lung cancer. 
These are sort of people of comparable age, comparable exposure 
25 histories. 
Q. These are the eight people with ten years 
or more exposure..+. 
Asot Yess 
Q. Twenty or more years time since first exposure? 
AS t¥es.. 
QO. OKay. 


30 
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A. As you can see, there is no relationship at 
all apparently. There is no difference in the cases and controls. 
This is something which happens more often than most people 
realize, in studies of this sort, and the reasonfor it is obscure. 

I mean, the apparently very good correlations 
between relative risk and cumulative dose that I showed in 
those data by McDonald and from Enterline, and also the data 
relating morbidity to cumulative dose which Geoff Berry 
analyzed, I suspect largely reflect the correlation between 
duration of exposure and risk, because duration of exposure is 
measured extremely accurately. So to take an extreme example, 
if you had absolutely uniform conditions in a factory, then 
certain people would, at random, develop disease, and certain 
people wouldn't...just as not all smokers who smoke the same 
amount get lung cancer. 

If you did an.analysis of this ,sort,. you would 
find no relationship between exposure level and risk, inthe 
sense that people who got it would be no different from those 
Wie Ud2an wt. 

But at the same time, if there was variation 
in duration of exposure, you would find a strong relationship 
between risk and duration of exposure. I think that a combination 
of the relative heterogeneity of the cohort, and the poorness 
of the measurements, means that you find strong relationships 
between duration and risk, and very weak relationships between 
estimated dust level and risk. 

In fact, there have been very few studies that 
have found good relationships between estimated dust levels and 
Task. 

Geoff Beruy mentioned a. mothink. uti s wi... 1 
think in the British Journal of Industrial Medicine paper...that 


the relationships that he had found were very largely expected 
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A. s(contsd.) 1in terms Of correlations between 
risk and duration of exposure. 

Q. Were very largely...sorry? 

A. Due to the relationship between risk and 
duration of exposure. 

Q. Which in most cases, I take it, is equivalent 
to length of employment? 

A. . Yes.) .Yes. 
10 That people have very rarely looked at their 


data this way, people have very rarely taken people with comparable 


periods of employment over the same period and tried to relate 

their estimated exposure levels to their risk. When they do, 

they usually find rather a weak relationship. 
I don't know how to interpret that. I mean, it 

15 may be that the wrong things are being measured. It may be 

fairly likely that you can get pretty poor estimates of 

individual risk when you try and do the sort of historical 
reconstruction. 
Q. Apart from interpreting it, is there any way 

56 in which you can utilize the kinds of correlations you get 

| between duration of exposure, length of employment and risk 

and a risk assessment? Can you use the nonquantitative...when 

I say nonquantitative I mean nonfiber-measured dose-response 

relationships to make any kind of risk assessment? 

A. What do you mean by risk assessment? 

" 25 Obviously, if you don't know what the dust 
levels are, you can't begin to frame a hygiene standard. But 
if you know what the average levels are and you assume the 
effect is linear, then obviously you can relate duration of 

| exposure...which is exactly what was being done in those 

graphs that I showed you. You can find that there 1G Ore ton + 


| a linear relationship between risk and duration of employment. 


- 
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A. (cont'd.) And roughly speaking, there is. 
I mean, both for mesothelioma and for lung cancer. 

Q. I take it basically, interms of your Rochdale 
cohort, you have basically taken average exposures and that... 

A. Yes. 

Q. Rather than, you haven't assigned an individual 
exposure profile for each individual employee in your cohort? 

A. No. I've taken those figures on page 832, 
the same page as the table you just referred to, weighted 
averages. I mean, individual estimates were obtained and then 
the average was calculated by just weighting by the number of 
people exposed at different levels. 

Q. Could you just go over that again? 

A. Those figures in table two on page 832 of 
tab seven, are averages for all the people in the group who 
were employed at that time. 

O.4 InVother words, you.” .dia? yousthen* calculate 
each individual's exposure in a particular year at... 

A. I never had those data. As I say, Geoff 
Berry held the data because at that time he was doing the 
second BOHS study,. which was in fact never published. That 
was the source of the original data. He simply calculated 
the mean, estimated the means of the estimated individual 
exposures in each year. 

The estimates which the bottom line is based on 
were individual estimates which I had, which I got as a result 
of the revision, the new revision which increased the estimated 
dose by a factor of three or so, which produced the bottom row 
in table two. Ihad those data from the reconstituted BOHS 
Committee. 

I suppose you could say the fact that they are 
unrelated to lung cancer risk implies that they are not very 


good estimates. They haven't yet been correlated with the 
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A. (cont'd.) morbidity, either. if they have, I 
haven't seen the results. 


Q. In light of your earlier comment about the 


: good relationship between duration of exposure and risk, are 
you suggesting that perhaps ‘cumulative exposure measured in 
terms of dust or fibers or whatever may not be the most 
appropriate measure of dose when one is looking at dose-response 
relationships? 

10 A. No. As I say, I think you have to have 


different models for different diseases. I think cumulative 
dose is all right for lung cancer, but not for mesothelioma. 

I don't think that you can do better in general 
than getting a weighted average of exposure levels in a factory 
and assuming linear dose response. I don't think you would 

15} expect to get good enoudimeasurements of individual exposure. 

You can show quantitative dose response. The 
study by Newhouse and Berry, for example, showed that people who 
were very severely exposed had higher mesothelioma rates than 
those who were lightly exposed. You can show gross differences 


of that sort, but when you are talking about relatively small 


“a variations in dust levels, I think it's probably true in general 
that you don't find a good correlation between those estimates 
and the actual individual risks at a given duration of exposure. 

Apparently-good relationships have usually been 
because you are confusing duration of exposure and the estimates 

95, Of dust level. 

MR. LASKIN: I was going to switch topics, but 
I'm happy if the Commissioners have any questions... 

DR. UFFEN: I suspect my question is stupid... 

MR. .LASKIN:..\f vcoubt 22. 

DR. UFFEN: I won't be offended if you say so. 

30 On page 832, table two that we have been talking 


about, there is *he comment, "weighted by the number of men 
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DR. UFFEN: (cont'd. ) atieachlevyek”,; and I'm 
not sure that I understand what that means. 

THE WITNESS: It's just the average, literally. 
It's the average for the people in the cohort. It's the average 
dust level for the people in the cohort. 

DR. DUPRE: Taking into account different dust 
levels of different jobs? | 

THE WITNESS: Yes. Therwwere dust levels for each 
job. It was just weighted according to the number of people in 
the cohort. 


10 


DR. UFFEN: Weight sometimes implies that you 


have a little extra factor thrown in there that involves some 
other judgement. Average, I understand. 
THE WITNESS: It was the average...it was given... 
15 I mean, if half the factory had been at twenty fibers and half at 
ten fibers, but “all the blokes had been working in the ten 
fiber bit, then the weighted average would be ten. 
Actually, that's the idea. 
As’ I'say, in fact that's the reason for the 
marginal fluctuations in there from 1936 to 1941, 
a when the estimates in different areas didn't in fact change. 
MR. LASKIN: O. The only other topic 2 really 
wanted to cover with you concerns some of the other cohort 
studies that we have heard evidence about in these proceedings 
already, and as you might imagine, this Commission sitting 
9, here has to make some assessment of all of the various studies. 
We have had the benefit of your comments already with respect 
to some of those studies, and I wonder if you could bear with us 
a little longer and give us the benefit of your judgement on 
some of the other cohort studies? 
Can I ask; you, 2irst Ofmal. ~-can we take... .andul 
_ 30} don't know whether you have had a chance to look at it, and if 


| you haven't tell me so...but can we take the Dement study first 
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MRe LASKINe 0. CONC dc.) 1 Or aii 

THE WITNESS: A. Well, I mean it suffers from 
the defect that the other studies suffer from, that in fact most 
of excess mortality is in people who were first exposed in the 
thirties or forties, when no reliable measurements were taken, 
when measurements which can only be converted to fibers on the 
basis of rather speculative conversion were available. 

I mean, it starts off by saying that there were 
five thousand, nine hundred and fifty-two dust measurements 
taken, but only a hundred and ninety-three of them were taken 
before 1945, and that's a period in which the exposure which is 
accounting for a good deal of the excess mortality occurred. 

Q. Any other comments on that particular study? 

A. ‘Well, i had one particutear query in relation 
to it, but I don't know whether this is a proper place to raise 
2b. . mean, it was a technical point.” I thought there was <a 
possible error in one of the tables, but I'm not sure that one 
Ougnt to raise things like’ this in this context. 

Q. We are happy to hear about it. 

A. Well, I don't even know what...the version 
that I've got is an old version. Can Ishow you a newer version? 

Q. Sure. Let me show you what has now become 
exhibit four in our proceedings, let me put it in front of you. 
You've no doubt got the doctoral thesis. 

A. Yes. The expected number of deaths between 
a hundred and two hundred thousand fiber per c.c days, in 
table seven, is three point four two for all causes of death, 
and nought point nought four for lung cancer, which means that 
the death rate for lung cancer, averaged over the period and 
age groups that were being studied, must have been roughly a 
hundred the death rate for all causes. I don't think there 
has been a period in the last thirty years in the United States 


when the death rate for lung cancer is a hundred of the death 
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A (conG'd.,),; rate, for all causes: 
Q. Could you just go over that once again? 
DAs witiethe, bottom, row.0f thatarable, whichis 7a 


calculation referring to mortality... 


: Q. Table seven? 

A. Table seven...there is a row that refers to 
mortality for all causes, an expected number of three point four 
two. 

Ou. EOL the scumulative, dose of. 17 

10 A. Of a hundred thousand to two hundred thousand 
fiberviper «c.. Ge .daysi. 

Is it three point four two? 

Q. Three point four two. 

A. Yes. The expected, and the expected number for 
lung cancer is nought point nought four, which is roughly a 

15 


hundredth three point four two, and I don't think that the death 
rate for lung cancer among American men has been a hundredth Of 
the death rate for all causes, in the last thirty years. 
So there is something anomalous about that. 
I mean, either that calculation is based on a very early period 
29} among people over the age of eighty-five, or there is an error. 
I don't know. It certainly isn't the result of 
recent death rates. 
O.n One other .s.. 
As» The major difficulty with that study, as I say, 
is that the...like all the studies, and the Rochdale study...the 


25 exposure estimates are very doubtful, and the inconsistencies 
that appear to exist between different studies are very much 
less in terms of,factorssthan the uncertainties that exist within 
all of them. 
Q. One other study that we heard some evidence 
on yesterday concerned a study in our own JUrLSo ction ata 


30 
plant in part of Toronto, and it concerned some papers by Dr. 
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Q. (cont'd.) Finkelstein, and I know you've 
had the papers and I don't know whether we've given you the 
benefit of enough time to review them to enable you to make any 
5 comments on them, but certainly if you do have any comments, we 
would welcome it. 
A. I think it's a study which produces results 
comparable to the Rochdale study in fact. I mean, the same 
reservations about the conversion between one method of exposure 


measurement and another will obviously apply. 


ae This is the one absolutely major difficulty with 
all studies that the committee has to review. I mean, I don't 
know what the solution to it is. 
Q. The dust estimates? 
A. Yes. I mean, how you convert, how you 
+ estimate dust estimates in the past and how you convert them 


one method to another is absolutely critical and completely 
ambiguous. 
Q. When you say the results are comparable to 
the results at Rochdale, can you elaborate on that? 
A. Well, I haven't looked at it in detail, but 
20 I think the specific risk estimates are of the same order of 
magnitude in relation to the relative risk for lung cancer. 
DR. FINKELSTEIN: Yes, there is a factor of 
eight at a hundred fiber years. 
THE WITNESS: A. But I mean there is a tendency 
which epidemiologists suffer from just as much as politicians, 
a which is to think that people who get the same answer as you 
are right and everybody else is wrong. 

MR. LASKIN: Q. Can I ask you specifically about 
the formula that Dr. Finkelstein used to make his risk 
calculation, and maybe I can put in front of you. 

Don't at all feel rushed, Mr. Peto, because we 


30 
are happy to give you some time to look at it. 
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A. As I understand it, aren't the models that 
you are using very much the same as the ones that I was presenting? 
DR. FINKELSTEIN: Exactly. 
5 THE WITNESS: In that case, I agree with them. 
MR. LASKIN: Q. From what I have heard, from 


the way I have heard you describe your approach this morning, 
and indeed this afternoon, it appeared to me, in any event, 
that the formula that appears in Dr. Finkelstein's work is really 


consistent with the kind of risk assessment formulae that you 


rp put up on the board. 
THOR WITNESSS ET ALO tte? So thatiateis or at 
| isn't? 
Q. It seemed to me that it was, but I ask the 
question to you. 
| ae ALAR ThHatile@is Mein think weeks, “but Tt haven tt 


had time to look through it in detail. 
| DR. DUPRE: Counsel, might I ask the following: 
I for one am certainly interested in Mr. Peto's judgement here, 
| and if we are at the conclusion of your direct examination, 
perhaps if other parties would yield the first ten minutes at 
20 nine o'clock so that you can conclude this matter with Mr. Peto, 
| and this would give you some time this evening, sir, to just 
take a quick look at the passages that Mr. Laskin is asking about. 
| Would that be all right? 
THE WITNESS: Yes, but I'm not sure that there is 
| very much that I can say about them, because I thanks that thas 
ae analysis is along exactly the same lines as the one that I did, 
| and the issue here isn't over the model fitting, but as with all 
the cohorts, how reliable the conversion from earlier measurements 
to model measurements is. 
| I think the apparent inconsistencies are probably 
30 less than they appear to be. I mean, you always get...Dr. 


| Finkelstein's estimates in most estimatesare, if anything, rather 
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THE WITNESS: (cont'd.) higher than mine. 

But this hierarchy of adjustments of allowing 
for graticule counting and taking lower ninety-five percent 
confidence intervals, and so on, would be expected to reduce 
risks, and I don't think there is any inconsistency in terms 
of the results. 

MR. LASKIN: Well, let me take your cue, Mr. 
Chairman, and subject to the Commissioners' convenience I would 
suggest we adjourn now and everybody is agreeable, we reconvene 
at nine o'clock tomorrow morning, and maybe I will steal the 
first five or ten minutes and then turn Mr. Peto over to my 
friends. 

DR. DUPRE: So we shall rise then until nine 
occilock? 

Thank you very much, Mr. Peto. You've had a 
long day indeed. 

We will reconvene at nine. 
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